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Preface to the Second Edition 


This, the Second- Edition of this vohime — one of the six in the 
Structural Engineers' Handbook Library — has been prepared 
with the object of giving both the practicing engineer and the 
student a reference work that deals thoroughly with many 
of the problems involved in the design of foundations and 
footings. 

All errors in the First Edition, of which there is any record, 
have been corrected. The editor-in-chief of the present revision 
will be grateful to those who, finding other errors, bring them 
to his attention for correction. 

• Numerous changes from the First Edition have been made. 
Section 1 on Soil Investigation has been almost completely 
rewritten to incorporate the latest developments in de\ices 
for the investigation of soil conditions.^ Practically all illus- 
trations have been replaced by new ones depicting recent practice 
and procedu3Pe. 

Essentially all the original material in Sec. 2 on Excavation 
has been replaced“by new matter that includes many new illus- 
trations descriptive of modern excavation equipment and 
processes. 

Section 3 on Foundations has also been veiy^ largely rewritten. 
Many new illustrations serve to direct attention to the various 
types of foundations that are available today. 

Much new material has been added to Sec. 4 on Spread Foot- 
ings. The design of isolated spread footings is in accordance 
wdth the 1941 Building Regulations for Reinforced Concrete 
of the American Concrete Institute. 

Section 5 on Underpinning and Sec. 6 on Foundations Requir- 
ing Special Consideration have been revised, as necessary, by 
the inclusion of considerable new material and new illustrations. 

Section 8, now entitled “The Application of the Law Relative 
to the Engineer," completely replaces the former section on a 
similar subject. 
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Appendix A on Characteristics of Soils and Appendix B on 
Formulas for Bearing Power of Piles have been completely 
rewritten. 

Credit has been given in the text of this volume for all data, 
illustrations, or parts of specifications used for the purpose of 
supplementing the technical matter. Mention is made here 
of the participation of the following Associate Editors in the prep- 
aration of the First Edition: F. H. Avery, Horace S. Baker, Walter 
Cahill, T. J. Ferrenz, P. G. Lang, Jr., W. R, Matheny, A. B. 
AIcDaniel, J. C. Meem, Chas. H. Paul, E. A. Prentis, Jr., J. C. 
Sanderson, S. E. Slocum, R. C. Smith, Earl G, Swanson, Lazarus 
White, A. ]M. Wolf, and Hugh E. Young. 

Special acknowledgment is made to Er. J. S. Kinney, Assistant 
Professor of Ci^di Engineering, Rensselaer Polytechnic Institute, 
for the preparation of the problems and relative data in Sec. 4; to 
Robert Murray, Attorney, Troy, N.Y., for the preparation of 
Sec. 8 in its entirety; and to Stanley V. Best, Instructor of Soil 
Mechanics, Rensselaer Polytechnic Institute, for checking sec- 
tions of the manuscript and for many valuable suggestions during 
the preparation of the revision of this volume. 

The senior author, who prepared the Preface to the Second 
Edition, acknowledges the continued and very helpful coopera- 
tion of his collaborator, Professor E. J. Kilcawley, and thanks 
all others who have in any way contributed in the preparation 
of this revision. 

R. R. Zipprodt. 

Betiiesda, Md., 

Mayj 1943 . 



Preface to the First Edition 


This volume is one of a series designed to pro\’ide the engineer 
and the student wdth a reference work covei-ing thoroughly the 
design and construction of the principal kinds and types oi 
modern civil engineering structures. An effort has been made 
to give such a complete treatment of the elementary theory that 
the books may also be used for home stud^". 

The titles of the six volumes comprising this series are as 
follows; 

Foundations, Abutments and Footings 
Structural ^Members and Connections 
Stresses in Framed Structures 
Steel and Timber vStructures 
Reinforced Concrete and ^Masonry Structures 
Movable and Long-span Steel Bridges 

Each volume is a unit in itself, as references are not made from 
one volume to another by section and article numbers. This 
arrangement allows the use of any one of the volumes as a text 
in schools and colleges without the use of any of the other 
volumes. 

Data and details have been collected from many sources, 
and credit is given in the body of the books for all material so 
obtained- A few chapters, however, throughout the six volumes 
have been taken without special mention, and with but few 
changes, from Hool and Johnson’s Handbook of Building 
Construction. 

The Editors-in-Chief wish to express their appreciation of 
the spirit of cooperation shown by the Associate Editors and the 
Publishers. This spirit of cooperation has made the task of the 
Editors-in-Chief one of pleasure and satisfaction. 

G. A. H. 
W. S. K. 

Madison, Wis. 

Septern^r, 19 !^- 
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FOUNDATIONS, ABUTMENTS 
AND FOOTINGS 


SECTION 1 
SOIL investigation- 

tests TO DETERMINE SOIL CONDITIONS 

The extent of subsurface exploration and the methods used 
in its procedure will depend upon the purpose for which it is to 
be made. Studies of subsurface conditions may be divided into 
two main classes: (1) those made for preliminary or general data 
and (2) those made for data to be used in final designs for founda- 
tions or earth structures. The extent of each will also depend 
upon the importance, size, and type of the proposed structure 
and upon the soil conditions both at the immediate site and in the 
surrounding area. 

In preliminary study, it is desired to obtain a general idea 
of the soil profile and the location of rock. This information 
aids in the selection of possible types of foundation and also 
determines the necessary extent of final exploration. For final 
study, suitable final samples should be taken. These samples 
should be obtained from points well distributed over the proposed 
area and at a depth that is consistent wfith the size of the proposed 
foundation. Samples should be representative of the natural con- 
ditions and should be secured with the minimum of disturbance. 

The use of samples to establish and to evaluate the char- 
acteristics of the types of soil that determine its probable behavior 
under load is a comparatively recent practice. It has led to 
securing the so-called “disturbed^' and the “undisturbed’' 
sample. Characteristics of soil will be considered in Appendix A, 

An adequate consideration of the art and science of soil 
sampling is beyond the scope of this work. In a plan to study 
and devise better methods of sampling, the American Society 

1 
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of Civil Engineers has created an official committee on Sampling 
and Testing. As a first step in this tremendous task, Dr. M. 
Juul Hvorslev, Research Engineer to the committee, has pre- 
pared a report entitled, ‘'The Present Status of the Art of 
Obtaining Undisturbed Samples of Soils.'' This report is 
highly recommended for a detailed study of soil sampling. Much 
of the data appearing under consideration of soil disturbance, 
methods of subsurface investigation, samplers, and sampling 
methods, was taken from this report. 

Dr. Hvorslev recommends the terms “ preliminary undisturbed 
sample" and “final undisturbed sample." The preliminary 
sample is taken with a modern sampler, 2 to 3 in. in diameter. 
Care should be exercised to create a minimum of disturbance, 
and continuous samples should be taken. When intermittent 
samples are taken, the danger of missing thin layers of soil types 
is probable. These layers may be of structural importance and, 
because of their absence in the record, erroneous conclusions 
may and often do result. If continuous samples are taken, 
accurate representation of the soil profile can be made. Further- 
more, these samples are suitable for many laboratory tests 
but are unsuitable for consolidation, shear, and permeability 
determinations. 

The final undisturbed sample is taken with a modern sampler 
having a diameter varivung from 4 to 8 in. The samples should 
be taken preferably in test pits or bore holes. They therefore 
represent the most expensive method of soil investigation. The 
required number of samples can be materiall^^ reduced if adequate 
preliminary sampling and study have been completed. The 
establishment of a reliable soil profile will show conclusively 
where the large-diameter samples are necessary. The demand 
for such samples for the final design of large important founda- 
tions and earth structures is increasing. 

1. Disturbance Due to Sampling. — ^The basic disturbances to 
which a soil sample may be subjected during the sampling 
operation are 

Changes in stress conditions. 

Changes in water content or voids ratio. 

Disturbance of the soil structure. 

Changes in thickness of soil layers. 

Mixing of the soil layers. 
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The changes in stress condition due to sampling are unavoidable. 
In cohesive soils, the release of the external stress results in 
an adjustment of the internal stress. The change in stress condi- 
tions within the sample is affected by the types of soil and types 
of samples and methods of sampling. The extent and the 
permanence of these changes have an effect upon the results of 
certain laboratory tests. 

Changes in water content result from the variation in stress 
distribution during the sampling process. This change will 
affect the results of certain rapid tests. WTiere the original stress 
condition is approximately restored, laboratory test results on 
slow shear, or triaxial tests, are only slightly affected, pro^dded 
the capillar^’^ pressure has not been changed in the sample. 

Changes in thickness of soil layers result from swelling of the 
soil when the stress is released or from displacements below 
the edge of the sampler. Samples disturbed to an appreciable 
extent are suitable only for grain size, liquid, and plastic limit 
determination. Unless correction is made in plotting for the 
change in layer thickness, the soil profile will not l>e representative 
of actual conditions. 

The mixing of soil layers results in serious disturbance. It 
makes the sample practically worthless. These samples may be 
used for the determination of the average character of the soil 
penetrated, provided that only the layers in close proximity’ ha^'e 
been mixed. 

The disturbance of the soil structure cannot be wholly avoided. 
In any method of sampling, even the so-called ^‘undisturbed 
sample,” some disturbance of the structure results. In seriously 
disturbed samples, the soil structure is ruined. For laboratory 
tests, the value of the sample is reduced according to the degree 
of disturbance. The original structure cannot be restored in the 
laboratory. In obtaining the final undisturbed sample, careful 
workmanship and the use of large-diameter samplers tend to 
confine the disturbance to a thin layer over the surface of the 
sample. 

2. Methods of Investigation. — ^The methods used to study sub- 
surface conditions are sounding rods, auger borings, wash borings, 
geophysical methods, test pits, and core borings. Soil samples 
are taken in some of these methods; in others, no samples are 
secured. The method best suited for a particular investigation 
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mil depend upon its purpose, upon the extent and importance 
of the proposed construction, upon the extent of reliable data 
available, and upon the uniformity of soil deposits within the 
immediate area. For preliminary study, methods where no 
samples are taken are sometimes used- However, in other 
cases, continuous samples of small diameter are often taken for 
important or intensive preliminary study. For final study to 
establish design data, methods that produce samples with a 
minimum of disturbance should be used. In general these 
are continuous samples of large diameter and may be taken from 
the surface to ordinary depths or from test pits or bore holes at 
greater depths. Certain methods suitable for preliminary study 
may, when used in conjunction with undisturbed sampling, be 
useful in final investigation and study. 

3. Sounding Rods. — The sounding rod is made from a solid 
bar of tool steel % to % diameter, depending on the 

material to be penetrated. The bottom section should be pointed 
at one end and threaded for an outside coupling at the other, 
■^liere the earth is of such a natxire that the bar can be churned 
down 6 or 8 ft. by hand, as is usually the case, the bottom rod 
should be from 10 to 12 ft. in length. This will eliminate one 
coupling and will decrease the friction for both driving and pulling 
of the rods. Additional sections 4 to 5 ft. in length, threaded 
at both ends, should be pro^dded in sufficient number to reach 
the desired depth. After being worked down as far as possible 
by hand, the rods are driven vdth a 10- to 12-lb. maul or hammer. 
The drive end of the rod should be provided with a special drive 
cap fitting over the rod and cushioned with hard wood to prevent 
injuring the threads. Fourteen-inch Stillson wrenches are used 
to add additional sections and in taking them apart. 

Driving resistance is difficult to interpret- In the past, 
records were taken only at intervals, and the amount of resistance 
w'as further affected by resistance between the side of the rod 
and the sod mass penetrated. Modern test rods are enclosed 
within a pipe, which eliminates the friction on the drive rod. 
Point resistance is therefore the only recorded resistance to 
driving. When this resistance is continuously recorded, a 
fairly good idea of the soil profile and an indication of the 
bearing capacity or the necessary length of piles may be 
obtained. 
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In general no samples are taken. However, in some cases, 
a pipe used instead of the cone point recovers material. ^Modern 
sounding rods, if properly handled, can furnish faiii 3 ' reliable 
data on the approximate location of various strata, the required 
length of piles, or the approximate location of bedrock. The 
method does not, however, supph' data necessaiy for final 
design. 

4. Auger Boxings. — The earth auger is much used in investi- 
gating soil conditioiLS. Its field is limited, however, to such 
materials as will staj” in the helix of the auger until brought to 
the surface; thus its use is confined to drj' earth, clan’s, and other 
combinations in which there is sufficient cla\’ to make the mate- 
rial cohesive. It is especialh" difficult, if not impossible, to make 
auger borings in earth other than clays, where water cannot be 
kept out of the borehole. The earth auger is veiw often used to 
advantage in combination with other methods of making borings, 
especially in starting the boring where better speed can be made 
with the auger than vith the chopping bit. 

For some purposes the ordinarj" 6-in. posthole auger will 
suffice to secure the desired information. Although it is adapted 
to shallow holes onljq holes to a considerable depth can often be 
drilled with such an auger b\^ welding a short piece of gas pipe 
on the stem and adding additional sections of pipe. The post- 
hole auger is especiall^^ adapted for examining the soil to a depth 
of from 4 to 6 ft. below the bottom of proposed footings, after the 
excavations for the footings have been made. 

Earth auger outfits consist of a derrick and hoist (similar to 
the derrick and hoist described later for wash borings), auger 
bits adapted to the soils to be drilled, pipe or drill rods in sufficient 
quantity to reach the desired depths, drive pipe casing having a 
drive shoe at the bottom and a drive head at the top, a ram for 
driving the casing, pulling block for pulling casing, and such 
small tools as may be required in the work. 

In drill operations three to six men are used, depending on the 
depth to be drilled. The derrick and hoist are used to raise and 
lower the auger and drill rods, in driving the easing or drive 
pipe, and sometimes in pulling the casing after it has begun to 
pull easily. The auger is turned down by the men with levers 
or wrenches attached to the rods. When the auger bit has been 
turned its length into the material being drilled, it is pulled out 
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and cleaned, then lowered again, and the operation repeated. So 
long as the material is of such a nature that it will cling to the bit 
and Ije brought to the surface, good progress can be made by this 
method of drilling to a depth of 50 or 60 ft. Below this depth 
much time is required in taking out and replacing the rods. For 
larger diameter holes of comparatively shallow depths, special 
lx>ring rigs using the rotary table are available. The rigs are 
capable of boring holes of 24 to 30 in. in diameter. Larger 
samples and the opportunity for visual inspection are offered. 

If sand or gravel, or wet material that will not stand, is encoun- 
tered, then the hole should be cased. This is done by removing 
the bit and drill rods and driving a casing of such diameter 
that the bit and rods wilt pass freely through it. On the bottom 
of the casing is a drive shoe having a beveled cutting edge to 
cut the earth as the casing is driven down. The casing or drive 
pipe .should be made in sections about 5 ft. in length, and consists 
of ordinary pipe threaded at each end and connected together 
with ordinary' outside couplings. After driving until a low 
penetration per blow is reached, the bit is put back, the casing 
cleaned out, and the bit worked ahead of the casing. The 
operation from this point on now consists of alternately drilling 
and driving the easing until the need of the casing is past or the 
boring completed. Better time will usually be made by drilling 
only a few feet ahead of the casing before pulling the rods and 
driving the casing. 

^lien sand or gravel, or other material that will not be brought 
up by the auger, is encoimtered, the casing should be cleaned 
with a wnter jet; sometimes a sand pump is used. The sand 
pump is an ordinar^^ piece of pipe, small enough in diameter to 
go dowTi the casing and having at its bottom end a special valve. 
It is lowered into the hole by a rope and churned up and down 
until filled, when it is brought to the surface and emptied and 
the operation repeated. Often water must be poured into 
the hole to make the material soupy’' so that the sand pump 
w’ill fill. Clean, heavy, compact sands cannot be removed with 
a sand pump, and when such material is encountered it must be 
washed out with a water jet. For this purpose a line of M-in. 
pipe, open at the lower end, is lowered into the hole. The top 
of this pipe line is connected with a force pump, or with a water 
supply under pressure. The pipe then being lowered to the sand 
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and the pressure turned on, the sand is brought to the surface 
by the force of the jet. Under these circumstances, the so-called 
^‘dry sample'^ is taken. This is also sometimes practiced in 
wash boring operations and will be taken up in the consideration 
of that method. 

WTiere boulders are encountered, they should l^e broken up by 
using a chopping bit on the bottom of the drill rods, in the 
place of the auger bit, or b\’' the use of dynamite, both of which 
processes are described under wa.sh borings. 

Samples are obtained by removing the soil from the threads 
of the auger. Soil layers may be identified but the sample is 
verj^ much disturbed. Furthermore, when uncased holes are 
used, there is great danger of mixing the layers. Samples 
obtained by this method are therefore suitable onl;\' for classifica- 
tion purposes. They cannot give reliable information regard- 
ing the soil structure, its water content, or its degree of 
compaction. 

5. Wash Borings. — In the past, wash borings have been exten- 
sively^ used to study subsurface conditions. The method essen- 
tially consists of forcing or .sinking a jet pipe into the soil. The 
displaced soil is washed to the surface. Because of this, one soil 
layer is thoroughly mixed with another and the whole is mixed 
with drilling mud. Samples are taken from the sediment col- 
lected in a stilling basin or wash-'water tub at the surface. Much 
if not all of the fine material is ^cashed away. Only a very 
approximate depth of most widely varying soils can be deter- 
mined provided they are of considerable thickness. Thin layers 
may not be detected at aU. Very little if any more reliable 
information can be gained by this method than by the use of 
sounding rods. It is essentially useful to locate bedrock but 
it is more costly than the use of test rods. 

In making test borings it is often necessary to start, with a 
larger diameter casing and drill rods, going as far as possible 
with these, then telescoping a smaller diameter casing inside, 
and continuing the hole with the smaller casing and smaller 
rods. The method may be suitable for preliminary investigation 
under suitable soil conditions to depths of 100 ft. or more. 

5a. Eqtdpment. — ^The necessary equipment consists 
of drill rods, the casing, chopping bits, derrick, drive weight, 
water pump^ hoists for raising and lowering the rods, standard 
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couplings, and necessary accessories. This equipment may be 
secured from manufacturers of well-drilling or diamond-drill 
materials and units. 

The drill rods should be made up of extra heavy pipe. They 
may be cut to a diameter of 1% in. or of 1 in. and are usually 
made in lengths of 4 to 5 ft. The pipe or rods are threaded on 
the inside with square threads into which are screwed special 
couplings, about 6 in. long, of sufficiently heavy metal to make 
the joints as strong as the rods themselves. These joints are 
flush throughout their length and should be very accurately 
fitted together so that a full bearing of the rod mth the coupling 
is secured when they are screwed together. This is an important 
feature and should not be overlooked. 

The casing should be made from lap-welded steel pipe and, 
for the 2} 2 ~m. casing, may be made from extra heavy pipe if the 
work to be done is of a difficult nature. Extra heavy pipe can- 
not be used for the casing as there would not be clearance 

for the 1-in. rods. The 2 J 2 -in. and the IJ'^-in. casings are made 
from 2} 2 - and pip®? respectively. 

The casing should be flush jointed to telescope inside the 

2j2-in. casing. It is advisable, although not necessary, that 
the larger size also be flush jointed. If outside couplings are 
used, the friction of the earth against the pipe will be much 
greater and the casing vdll have to be driven. With outside 
couplings, the casing is also more difficult to pull. 

Flush-joint casing should have square threads, each piece, 
except the bottom one, haAfing a male thread at one end and a 
female thread at the other. The bottom section should be 
plain pipe, square cut at the bottom, with a female connection 
at the top to protect the threads. These connections should be 
accurately milled at both top and bottom of the connection so 
that a full bearing vill be obtained at both ends of the thread 
when the pieces are screwed together. 

It will be of great advantage to have both the drill rods and 
the casing cut to length, so that it will not be necessary to meas- 
ure each piece as it is added in the drill operations. The com- 
bination lifting and water swivel is used in raising and lowering 
the rods, and allowing them to be worked back and forth or 
around in drilling, with the water passing through to wash up 
the choppings from the bit. 



Sec. 1-56] 


SOIL IXVESTIGATIOX 


9 


The cross chopping bits are made of hardened steel and may 
be of the chisel, fishtail or X~shaped types for chopping and 
breaking up the earth. Four holes near the bottom of the bit 
allow the water to escape and are so drilled as to throw the force 
of the jet downward to the cutting edges. 

An ample water supply under strong pressure Ls essential in 
the wash boring process. In city work where access to the city 
supply may be had, the hand force pump will usually not 
necessary. In such cases sufi&cient water hose, or a pipe line, 
will be required to reach the supply, in addition to the equip- 
ment enumerated. Where such supply does not exist and where 
there is no pond or stream in the vicinity of the boring, it will 
be necessary to haul the water. This at times is a costly 
undertaking. 

The derrick should be strong and substantial, and should be 
so constructed that it can be quickly taken apart or put together, 
if subject to numerous long moves. It may be made of wood or 
pipe. 

Very often a ^^jack plank’' is used in drilling. This consists 
of two 2 X 12-in. planks, one 16 ft. long and the other 12 ft. 
long, bolted together in the form of a T, the 16-ft. plank being 
the stem of the T. The two legs of the derrick stand upon the 
top of the T and the single leg on the far end of the stem. This 
jack plank gives a firm support for the derrick and also provides 
a support for the tongs in operating the casing. 

Four to six or more men are required in drill operations by 
hand, depending on the depth of the hole and other difficulties 
attending the work. 

The drill and pump may also be operated by power, a 3- to 
5-hp. gasoline motor being the most satisfactory outfit for such 
purposes. The engine should be equipped with a hoist for 
raising and lowering the rods, and should have a special “nigger- 
head” on which the rope is operated, in churning the rods in 
drilling. Tw’o men are required to operate a power outfit. 

66. Methods in Detail- — In starting a bore hole, 
it is of considerable advantage, where the ground will stand, 
to drill as far as possible either with a larger chopping bit, or 
with an earth augur slightly larger than the casing to be inserted. 
This reduces the friction and is often of great help in d i fficult 
work. As soon as caving or running ground is encountered, 
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the casing should l>e started. This is done by inserting the plain 
end of the bottom piece of 2} i-in, casing in the hole that has 
been started. A pair of Bro\\’n’s No. 4 pipe tongs are then 
clamped to the casing by means of one of the sections of 2-in. gas 
pipe, 3 in. long, driven over the handles of the tongs. The casing 
and tongs are then lowered until the tongs rest upon the jack 
plank, or other support if a jack plank is not used. Another 
piece of easing is then screwed into the lower section, the tongs 
raised to the top of the added section, and the two sections 
lowered as before. This process is repeated until the casing 
reaches the depth drilled before the casing was started, or until 
it binds in the hole. If not do\%Ti to the depth previously drilled, 
the casing can usually be w’orked down still farther by turning 
on the tongs; when it cannot be advanced any farther by turning, 
the drill rods are inserted. In adding the sections of casing, 
should they become too heavy to handle by hand, the bushing 
is screwed into the top section and the casing then lowered by 
the derrick and hoist. 

In starting the drill rods the cross chopping bit is screwed to 
the end on a drill rod. As the bit and rods are worked down, 
sections of drill rod are added until the bit has been forced some 
distance ahead of the casing; the rods are then raised until the 
bit is up in the casing, and the casing then turned down as before. 
The rods are supported, raised, and lowered by the rope attached 
to the bail of the water s^^dvel and passing up over the sheave 
wheel and down to the drum of the derrick to which it is fastened. 
By means of the handles the men can hoist the rods with ease. 

In drilling, the drum is made fast, with the bit resting on the 
earth, a few inches of slack being pro^dded to allow the bit to 
advance into the earth. The rods and bit are then given a 
churning motion, by the men alternately pulling back on the 
rope and suddenly’- releasing it, causing the bit under the impact 
of the rods to hit the earth with considerable force, the drop 
usually being from 6 to 12 in. As the bit strikes, the foreman, 
who has hold of a pair of tongs clamped to the rods, gives the 
rods a turn of about 90 deg., loosening the earth into which 
the bit has sunk, which is then washed to the surface between 
the rods and the casing by the jet from the force pump. In 
some material, as sand or gravel, the rods cannot be churned 
down ahead of the casing on account of the sand filling in as 



Sec. 1-5&3 


SOIL INVESTIGATION^ 


11 


fast as the rods are pulled out of it. In such situations the rods 
and casing should be worked down together, this l^eing done by 
turning both rods and casing at the same time, the bit being at 
about the level of the bottom of the casing. 

"yVTien the casing becomes tight it can often be loosened by 
pulling it up a few feet and working it dovni again, repeating the 
operation several times if necessary. When the casing cannot 
be worked ahead any farther, the drill rods should be pulled out 
and the smaller casing and rods inserted, when drilling can 
continued as before. If the drilling is in hard material that 
stands well when the larger casing stops, the larger rods should 
be worked ahead as far as possible before the smaller casing is 
put in. The rods and casing being of the same diameter, the 
smaller casing can often be worked many feet ahead of the larger 
casing without the friction that would result if the smaller rods 
were inserted as soon as the larger casing becomes stuck. It 
may happen in some localities that it will not be possible to 
reach the rock or the desired depth with two sets of casing; in such 
situations 3-in. casing may be used at the top, with a larger-sized 
bit on the IJ'g-in. drill rods. Owing to the increased area of the 
space between the rods and the casing, the volume of water will 
have to be much increased; if this cannot be accomplished by 
higher pressure by the pump, a larger pump will be required. 
Pump capacities vary from 20 to 60 gal. per min. The pressure 
should be at least 50 lb. 

By the methods just described, the casing is always com- 
paratively loose. WTien it becomes tight a smaller diameter 
casing is telescoped inside and the work proceeds with, smaller 
casing and rods; in this way the friction of the earth against 
the casing is eliminated for the depth of the larger casing. 

Another method for making w^ash borings, much used in some 
localities, is by driving the casing. WThere the casing is to be 
driven, it is advisable to use ordinary pipe with outside couplings, 
as the flush-joint casing will not stand hea\w driving. The casing 
is shod with a steel drive shoe with a beveled cutting edge. At 
the top is a steel drive head into which is screwed a hollow guide, 
the center of the drive head being drilled out to allow the drill 
rods to pass through. A heavy jar weight, about 300 lb., is 
raised by means of a rope over a sheave at the top of the derrick 
and dropped over the hollow guide; striking the drive head forces 
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tlie casing into the earth. Flush drill rods, such as already 
described, are used in drilling, the bit being pulled up in the cas- 
ing while the casing is being driven. A short top piece of per- 
forated casing should be used to allow the escape of the water 
and should be taken off of the casing in place and added to the 
new sections as they are put on. Two ropes, one operating the 
drill rods and the other the jar weight, are used in this method of 
drilling. 

The casing can often be pulled by the use of the derrick and 
hoist alone; often a block and tackle are used, and the chain 
hoist is sometimes employed. The lever and chain, however, are 
probably used more often than anj^hing else. When the casing 
becomes stuck and cannot be pulled by any of the above methods, 
casing clamps are fastened to the casing and jack screws used to 
start it. After it has been loosened a little it can be pulled much 
more rapidly by one of the methods already described. A more 
satisfactory appliance than the bolted casing clamps is the pipe 
puller. This is a cast-steel block with a hole through it consid- 
erably larger than the pipe to be pulled ; this block is set over the 
easing to be pulled and wedge sections made to fit the casing are 
inserted. Jack screws are used under the pulling block to start 
the easing. When the jacks are loosened a blow of a hammer 
causes the wedges to drop out and the block to become loosened. 

In making investigations of the soil under rivers, lakes, and 
other bodies of water, a scow or catamaran may be used if the 
holes are comparatively shallow, and the casing can be pulled 
without the use of jack screws. In deeper and more diJB&cult 
work under water, piles are driven, a working platform con- 
structed, and drill operations carried on from this platform as on 
land. 

When obstructions are encountered in drilling that cannot be 
broken up and passed by the chopping bit, the hole is thoroughly 
washed out and a charge of 40 per cent dynamite lowered to the 
spot and exploded. If the obstruction is a small boulder, a 
single charge will usually suffice to clear it. If it is a large 
boulder, several charges may have to be used before any impres- 
sion is made upon it. If it is a very large boulder, or bedrock, 
any number of charges will have but little effect. In working 
through hard clay or hardpan, it will be found impossible to 
force the casing through it by the methods described above. In 
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such, cases the drill rods are worked ahead of the casing a few 
feet, 6 to 8 ft. perhaps, and a string of dynamite used. This is 
made by connecting a number of sticks of dynamite end to end 
separated by small sticks of wood 12 to 18 in. long. The exploder 
is usually inserted in the lower stick, the others being exploded 
by concussion. In using d^mamite, the casing should l>e 

pulled up several feet above the charge to be exploded, otherwise 
the casing wdll be damaged, perhaps so badly as to require the 
abandonment of the hole. For a single stick of dynamite^, the 
casing should be raised 3 to 4 ft., but for the very heavy charges 
it may have to be raised 6 to 8 ft., or more. 

To determine accurately the depth to, and the thickness of, the 
various strata encountered and for the proper placing of dyna- 
mite, it is necessary to know at all times the exact amounts of 
drill rods and casing that are in the hole. A record should be 
kept and each piece of rod and casing entered as it is put on, and 
the totals extended so that the drill foreman knows instantly 
the exact location of both rods and casing with respect to the 
surface. As stated before, if the rods and casing are cut to l^ingth, 
the matter of measurements is much simplified. 

6c. Records and Samples. — Since sounding rods and 
wash borings are extensively used, a further comparison of these 
methods will be made. In wash borings the cuttings are caught 
in a bucket as they are washed to the surface and allowed to set- 
tle; but, although such samples show the kind of earth passed 
through, they do not show the nature of the material in place as 
to its hardness and suitability for foundations. 

Such samples are therefore hopelessly mixed. Furthermore, 
the fine materials are washed away and larger material may not be 
forced up by the wash water. At best, they can only furnish 
data on the approximate depth of different soil layers provided 
each is of suJBacient thickness. Because of the mixing of layers 
and the materials lost in the wash water, the existence of thki 
layers may not be detected. Although some idea of the bearing 
capacity may be showm by the resistance to jetting or sinking, 
the samples are worthless for soil tests. The chief information 
obtainable from this method is the location of rock, provided care 
is taken to ascertain that boulders are not encountered. 

In an attempt to obtain a better sample, the so-called “dry 
sample” method is sometimes used. This sample is obtained by 
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’^^tlidrawing the jetting pipe and forcing a sampling tube into 
the soil. Generally no precaution is taken to reduce disturbance 
and, even though a representative section may be obtained, the 
sample is useful for classification purposes only. Furthermore, 
since they are taken only at intervals, thin but important soil 
layers may not be detected. Again an indication of bearing 
capacity is obtained by recording the force required to push the 
sampler in the soil. 

The dry sample method is extensively used. In the hands of 
experienced and careful operators, it can furnish dependable data. 
The method is relatively cheap and can be carried on rapidly. 
It is inferior to modern methods of continuous sampling. When 
samples and records are not carefully taken, erroneous conclu- 
sions ver^" often result. 

Wash borings are more costly than the use of modern sounding 
rods and the information is seldom, if ever, any more adequate. 
Neither wash borings nor dry sampling will furnish data suitable 
for the final design of an important structure. 

6. Geophysical Methods. — Geophysical methods of subsur- 
face exploration were developed for use in geologic and mining 
investigations. For foundation purposes, investigation of large 
areas may be quickly and economically completed by use of these 
methods. Reliable information can be obtained for the location 
of rock and the approximate depth of different soil layers. The 
layers are located by the measurement of the varying rates of 
transmission of vibrations through them. The vibrations may be 
caused by artificial explosions or by continuous vibrations of 
known frequency. Since only the general character of the soil 
and the approximate location of rock can be determined, these 
methods are suitable for preliminary investigation only. They 
are practical for preliminary study of dam sites and highway 
location. Ob\dously no samples are taken. The methods can- 
not, therefore, serve for final design. 

7. Test Pits and Bore Holes. — ^The test pit affords the most 
complete means of subsurface exploration. It is, however, the 
most expensive, especially where deep pits are necessary. For 
depths over approximately 25 ft., holes 24 to 36 in. in diameter 
may be bored by power core drills or augers. 

These methods make possible the visual inspection of soil 
layers in place, and the conditions to be met in actual building 
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operation may be studied in their true relation. The firmness 
of the material, its water content, the tendency to run or cave, 
and the necessity for sheeting and bracing become eirddent as 
excavation proceeds. Test pits are often 4 X 6 or 5 X 10 ft. in 
plan. The^^ will in general cost about $10 per foot, depending on 
the cost of excavation and sheeting. 

On work involving large quantities of excavation where but 
little is known of the earth stratification, test pit examinations 
should be made in connection with sounding or boring tests. 
Usually only an occasional te^st pit will be necessary, but test 
pits are invaluable in giving a complete understanding of the 
difficulty of foundation construction in an unknown locality. 
Usually one test pit to 12 or more borings or soundings vill be all 
that is required. Alaterials excavated may be piled in the order 
in which the^" are taken from the pit. A better idea of the 
amount and kinds to be handled may be determined because the 
effect of disturbance and the possible amount of swelling vill 
be shovm. 

The necessity for bracing and sheeting will depend upon the 
depth and kinds of materials encountered. The danger of 
failure increases as the depth below the water table increases. 
In these cases well points may be used to lower the ground-water 
table. Well points should not be placed within the pit unless it 
is certain that instability will not result from the up flow. In 
cases where samples are taken, positive assurance against up flow 
should be made. 

Test pits provide an opportunity to secure laboratory samples 
at various depths by the use of surface sampling methods. It 
should not, however, be assumed that the soil at the sides and 
bottom of a test pit is entirely undisturbed, before sampling is 
done. There may be considerable disturbance. 

Bore holes are essentially small test pits. They are made to 
be used above or below ground-water level. The stress condition 
of the sample is dependent upon whether the sample is taken 
above or below ground-water level and whether the bore hole 
is dry or filled with water, or if drilling fluid is used. In general 
it is possible to take samples with less disturbance in test pits 
than in bore holes, 

8. Samplers and Sampling Methods. — The method used in 
obtaining preliminary or final undisturbed samples will depend 
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upon the conditions under which they must be taken. In surface 
or open-pit sampling, large samples of cohesive or slightly cohe- 
sive soils may be cut free and enclosed in a suitable box. The 
space suiTOunding the sample is filled with compacted damp 
sand or paraffin and the box sealed to preserve the sample in its 

original condition. In very 
soft or cohesionless soil, short 
tubes may be forced into the 
soil. Details of samplers of 
this type vary widely. One 
type consists of beveled steel 
tubing held in a suitable frame 
by exterior lugs. After being 
removed, the tube containing 
the sample may be sealed by 
use of suitable caps and adhe- 
sive tape. 

Subsurface sampling may be 
done by procuring samples 
from test pits or bore holes and 
from cased or uncased test 
holes. In the first case, it may 
be done by methods suitable 
for surface sampling unless 
samples from depths greater 
than that of the test or bore 
hole are desired. 

Fig. 1. —Lower end of Porter soil For deep Samples the piston 
sampler. Jacoby and Dmis, "'Founda- sampler is COlXimonly USed in 
tions of Bridges and Bmldings^ Sd ed.) i t t t i t 

uncased holes or in holes cased 
for a certain part of their total depth. To procure samples from 
great depths with a minimum of disturbance, modern composite 
samplers are used in cased holes. 

Several types of piston samplers have been developed. The 
Proctor sampler may be chosen as representative of this type. 
Fig:are 1 shows the lower end of the Proctor sampler with the 
piston in the driving position. The sampler is attached to a 
drive head, extension tubes, and piston rod assembly and is 
driven to the desired depth by hand or by the use of a light power 
hammer. Jetting methods are sometimes used. When the 
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desired depth, is reached, the piston is retracted and the open 
tube is forced into the soil. A vent allows the escape of air and 
water as the soil sample enters the tube. The piston is then 
retracted further to close the vent, thus producing an airtight 
seal above the sample. The sampler is then withdrawn to the 
surface by the use of a hand jack. 

This sampler usually obtains samples 3 to 4 ft. long. The 
sampling tube is divided into sections varying in length fronr 
2 to 6 in. Samplers are made in diam- 
eters of 1, 2, and 5 in. In the small 
diameter the sampling tube is not di^dded 
but is fitted with a liner that consists of 
6-in. sections. The 5-m. sampler is used 
in cased holes and for the sampling of 
coarse materials- The 1-in. sampler is 
suitable for preliminary study for depths 
up to 50 ft. 

This sampler has been widely used since 
1933- It is reported to give good results 
in all classes of materials, ranging from 
loose cohesionless soils to those having a 
hardness of soft rock. 

Cased bore holes should be used when 
taking final samples in cohesive and 
plastic soils. Since the soils do not offer 
excessive resistance to penetration, drive 
samplers are most commonly used. By 
proper care in driving the casing and 
sampler and in clearing the bore hole, 
suitable samples may be obtained. 

The simplest type of continuous sam- 
pler that has been widely used in the past 
is a piece of sharpened steel pipe fastened 
to a drill rod. Because of the difficulty 
of removing the samples, this method was 
abandoned. The substitution of strong thin-walled steel tubing 
for the heavy steel pipe has again brought this method into 
practice especially for preliminary investigation. The steel 
tubing is used only once and is cut into the d^ired length in 
the laboratory. 



sampler, by H. A. Mobr. 
(Jacobi/ and Davis ^*Foun- 
Axtions of Bridges and 
Buildings ” Sd Ed.) 
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Several methods are used to fasten the tubing to the drill 
rods. A method suggested by H. A. Mohr and shown in Fig. 2 
consists of a special coupling. The coupling fits into the tubing 
and is provided with a collar that transmits the driving force to 
the tubing. The pulling force for withdrawing the sampler is 
transmitted to the tubing by two Allen setscrews. 

During the last decade many changes have been made in 
*samplers. These changes are primarily to provide for the 
removal of the sample and to control the forces acting on it. A 
few examples taken from the work of Dr. M. J. Hvorslev will be 
given. The IMoran and Proctor sampler is shown in Fig. 3. 
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Fig. 3, — Moran and Proctor sampler. {Krynine, ''Soil Mechanics.") 

This apparatus has a split sampling barrel, which holds a brass 
tube. The barrel is held by the sampler shoe and a short piece 
of hea\^ pipe. The cutting edge is beveled to provide an inside 
clearance. This sampler is manufactured by Sprague and Hen- 
wood and by the American Instrument Company. Two sizes 
are available, one 1.5 in. in diameter and the other 3 in. in diam- 
eter. The lengths of samples obtained are 12 and 16 in., respec- 
tively. This sampler has been used to depths of 273 ft. 

The M.I.T. sampler introduced the use of a piano wire to 
cut the sample free from the soil below. This eliminates the 
necessity of rotating the sampler in order to free the sample. 
This sampler was designed by members of the faculty of the 
Massachusetts Institute of Technology to secure samples 4.76 in. 
in diameter and 24 in. long. It was later modified by Casa- 
grande, Mohr, and Rutledge and is shown in Fig. 4. Provision 
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is made to pull the cutting wire free of the sample during removal. 
This eliminates the danger of damaging the specimen during the 
withdrawing process. Two air lines or ports are used. One 
introduces pressure at the bottom of the sample and a vacuum is 
placed at the top of the specimen by the other during the with- 
drawing process. 
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Fig. 4. — Casagrande-Mohr-Rutledge sampler. {Krynine, “ Soil Mechanicsl'} 


For sampling in cohesionless soils several types of samplers 
using core retainers in the form of flap valves are used. Suitable 
samples are very difficult to obtain. Because of the lack of 
cohesion, samples will not stay in the sampler without support. 
Sampling tubes can be forced only a comparatively short distance 
in coarse material by steady pressure. Driving causes vibrations 
that disturb the soil structure. For details of samplers, reference 
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is made to the catalogue of Sprague and Henwood. The Sand 
Pump, the Door, the Split-barrel, or the Maine type sampler is 
suitable where samples are used for visual inspection and 
classification. 

To reduce disturbance, emulsions or chemicals are injected, 
or a method of freezing is sometimes used. Either method may 
be applied to the lower part of the 
sample vdthin the tube, or the soil mass 
at the sampling points may be solidified. 
The latter method is sometimes used as 
deep-seated stabilization to improve bear- 
ing capacity. 

9. Core Sampling. — For obtaining sam- 
ples in highly compacted, moderately 
hard or brittle materials, core drilling 
methods are used. The Davis cutter, 
shovTi in Fig. 5, consists of a steel cylinder 
of special composition. Teeth forged to 
the cylinder are set for clearance inside 
and out. The core is not touched by the 
teeth because of the inside clearance. 
The water and the cuttings rise in the 
clearance pro\’ided outside of the bit. 
The latest development in the toothed 
cutter is the calyx cutter which is provided 
with removable steel teeth. This cutter is shown in Fig. 6. The 
steel teeth may be sharpened on any ordinary emery wheel 
or grinder. 

The double core barrel, shown in Fig. 7, is designed for drilling 
in soft or friable formations. The inner core barrel is hung from 
a rotation plug by means of a spindle. The inner core barrel 
can, therefore, remain stationary while the outer core barrel 
and cutting bit rotate. The core is thus protected against 
damage. The core lifter consists of a light steel ring, split in 
halves and held together by a steel snap spring resting in a taper 
on the bottom of the core-lifter shell. During the drilling 
process, the core passes into the inner core barrel through this 
ring. When the tool is withdrawn, the ring grips the core owing 
to the wedging effect of the taper of the shell. The core will be 
firmly held until it is broken off and lifted to the surface. 
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10. Core Borings. — Rock drilling may be necessary for excava- 
tion or exploration xnirposes. ^lethods and machinery used in 
rock drilling for excavation will be covered in the following 
section. For exploration purposes, rock is drilled for some 
distance to prove that boulders or thin rock layers are not 



Fig. 0. — Calyx cutter. {Jacoby and Daris, Foundatiuns of Bndgv^.i aKd Builds 
ingsf' 3d Ed.) 



Fig. 7. — Double-core barrel. 


mistaken for bed or ledge rock. To establish the character of 
the rock, samples are taken by core drills. 

As the name implies, the core drill produces an exact core 
sample of the material penetrated, so that the information 
obtained by core drilling is accurate and reliable. 

The essential equipment for this work consists of drill rods 
and casing, a rotary power plant, derrick and hoisting apparatus, 
force pump, and an automatic feed for forcing the drill bit into 
the rock. 
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Before core drilling operations can start, it is necessary to 
drive tiie standpipe or casing down to rock and to seat it in 
the rock and thus effectually shut out all sand and earth that 
would tend to enter the bore hole from the surface of the rock if 
the casing were not driven. This often proves a difficult and 
costly operation, especially if it must be driven through sand, 
gravel, and boulders. This standpipe or casing is the same, in 
essential details, as that used and described for wash borings and 
is driven to rock by one of the methods there described. There 
is one difference from wash borings, however, and that is that 
in core drill work the casing must be seated into the rock, whereas 
in wash borings holes are often completed without driving the 
casing all the way to rock. 

There are two principal types of core drills: (1) the diamond 
drill, using black diamond or carbon as an abrasive to cut the 
rock, and (2) the shot driU, in which chilled shot is the abrasive 
agent. The essential features of the two operations are practi- 
cally'' the same. 

10a. Diamond Drill Method. — In making diamond 
drill borings, the drill rods carry a soft steel bit at their lower 
ena, into which are set small pieces of black diamond or carbon, 
which, as the bit is rotated, cut an annular hole into the rock, 
leaving a center core undisturbed. Water, forced through the 
drill rods by the force pump, washes the cuttings to the surface 
and keeps the bit cool. Just above the bit is a core barrel, 
usually about 10 ft. in length, ha^dng at its bottom end a core 
lifting device, which passes smoothly over the rock core as the 
rods are fed dovuiw^ard but automatically, grips and breaks 
the core when the rods are raised. When the core barrel 
becomes filled, or oftener if desired or conditions require, the 
rods vith the core barrel are pulled to the surface and the core 
removed. 

By keeping a careful record of the drilling process and of the 
core as it is removed, the location of the different rock strata, 
the thickness of the various strata, and the nature of the rock 
are known. Separating layers of clay or soft rock will be indi- 
cated by a loss of core, and the amount of this loss will be indi- 
cated by the ratio of the core obtained to the depth drilled to 
obtain it. Solid rock will usually give from 90 to 100 per cent of 
core. 
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Core samples, as they are taken from the core barrel, should Lc.^ 
placed in order, in boxes especially made for the purpose, and 
properly marked for identification. For ordinarA' purposes in 
foundation work the size of hole drilled will be about in.. 
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the action of the bit in drilling varies greatly with different 
formations, and there is the possibility of serious loss through 
breakage of carbon in broken rock; also it is usually necessary 
to reset the bits at the job. The setting of a diamond bit calls 
for skill, practice, and a knowledge of the best arrangement of 
the diamonds for different formations, to prevent loss by breakage 
or by the stones becoming loose and being lost. 

Two kinds of diamonds are used in making diamond drill 
borings, namely, carbons and bortz. Carbons are opaque and 

^ noncrystalline, while bortz is 

‘ semitransparent and crystalline. 

Eortz, although very hard, will 
stand pressure, owing to its 
^ crystalline nature, and is used 

W’ ■ ‘ onl 3 " in the softer rocks. Carbon 

now costs about $50 per carat. 
\ Since a bit requires eight stones 

averaging about 2 carats each for 
V ■ S . .1 a I3^^~in. hole, it is seen that a 

Pig. sb . — Diamond bit. (Ja- diamond bit is a Very costly affair. 

coby and Davis, Foundatioiis of 4 . 1 ,^ 

Bridges and Buildings, '' 3d ed.) However, except in the case of 

breakage, the loss of carbon in 
drilling is not excessive, even in the case of the harder rocks. 
Bortz bits usually contain 35 to 40 stones. The stones are sized 
2 to 7 stones per carat and cost about $8 per carat. 

A modern Explorer diamond drill, manufactured by the Inger- 
soll-Rand Company and mounted upon a light steel plate frame 
for surface drilling, is shown in Eig. 8a. The diamond bit is 
shown in Fig. 86. The drill head is the screw-feed type and 
affords three feed rates and neutral by use of an external gear 
selector. It may be powered by a gasoline, an air, or an electric 
motor. Units driven by steam engine are also available. The 


standard feed rate is 1 in. per 200, 400, and 600 revolutions of the 
drill spindle. The drill head may be rotated through 360 deg. to 
permit drilling at any angle. Cores having diameters of H, 
IJ^, and 1% in. may be obtained at depths of 400, 300, and 200 
ft., respectively, for surface mountings. A pneumatic rod 
puller is available for pulling up to 300 ft. of the Ji-in. core rod. 
A hand-operated, portable 2-ton hoist having a positive internal 
brake is also available. 
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106. Shot Brill Method. — Core borings by the shot 
method require equipment very similar to that used in diamond 
drill work except that a shot bit instead of the diamond bit is 
used. The bit is made of special carbon steelj of heavier wall 
than the core barrel. A slot is cut at the bottom of the bit to 
allow the circulation of water. Chilled steel shot are used to 
cut the rock and are fed as needed to the bit through the drill 
rods, by a special valve at the water swivel. In the place of 
a special device for lifting the core, a handful 
of coarse sand or fine gravel is forced down 
through the drill rods and acts to wedge in 
between the core and the sides of the core 
barrel and locks the core so that it can be 
brought to the surface. In .shot borings the 
size of hole varies from 1,^ 2 to 36 in. in diameter. 

This method of drilling has the disadvantage 
that inclined holes, making an angle of more 
than about 70 deg. with the vertical, cannot be 
drilled, because of the shot that gathers on the 
low side of the hole as the bit is fed into the 
rock. Speed of drilling is also slower than with 
diamond drilling; in very hard rock it is diffi- 
cult to make any headway. The initial cost 

of shot core drills is much less than that of g 

diamond drills. On the other hand, diamond bit of the calyx 
drill cores of a diameter greater than 2 or 
3 in. are not often made, whereas cores of from S to 36 in. are 
not unusual by the shot method. Cores up to 72 in. in diameter 
may be taken if required. 

The shot bit of the cab^ drill shown in Fig. 9 is a smooth steel 
cylinder. It is attached to the core barrel and rotated mth it 
by the drill rods. A narrow slot cut into the sides of the bit 
affords an outlet for the water and also aids the cutting material 
to get under the bit. The cutting material, cab^xite (chilled 
shot), is manufactured by atomizing molten iron or steel and 
chilling it suddenly. The resulting material is veiy hard and 
consists of particles having an average size of 5^2 hi. Under 
the pressure of the shot bit this material shatters into sharp- 
edged haid-wearing fragments, which by rotation and contact 
mill away the rock beneath the bit. The rate of flow of water. 
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shot, and grout is under full control of the operator at all times. 
The flow of water is adjusted to wash the rock cuttings from 
the bit but not to disturb the shot. Cuttings are carried past the 



outside clearance of the core barrel and enter the region of larger 
water area just above the calyx. The cuttings settle out and 
tte water nses to the surface. These features are shown in 
fig. 10. In materials too soft to crush the shot, they may 
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become embedded in the wails. Crushed steel is often used to 
replace the shot under these circumstances. 

The driving equipment for calyx drills ma\' be powered by a 
gasoline engine or by electric or air motors. The type of niouiit- 



Fig. 11. — Mountingfor 36--in. calyx drill. {Courtesy of I ngersoll~Rand Company.) 


ing used is dependent upon the size of core and the depth of 
drilling. Figure 1 1 shows the mounting for a 36-in. core driU suit- 
able for relatively shallow depths. For greater depths a smaller 
diameter core and hoist may be used with this mounting. A 
heavier mounting with hoisting equipment for deep drilling of 
large-diameter cores at Bonneville Dam is shown in Fig. 12a. 
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A section of core is being fastened to the hoist cable. Figure 126 
shows 36-in. cores removed for the inspection and study of 
grouting operations at Norris Dam, for the Tennessee Valley 
Authority. 

A special cal^^ core drill, 72 in. in diameter, is shown in Fig. 26 
of Sec. 2. The operation of this unit without the use of drill 
rods is shown in Fig. 25 of the same section. 


Fig. 12<2. — Removing section of core. {Courtesy of Ingersoll-Rand Company^ 

H. Load Tests- — ^Load tests are made to determine the bearing 
or carrying capacity of a soil. This ultimate strength is usually 
determined from the critical loading.” Loadings are generally 
placed in predetermined increments and the settlement produced 
is recorded. 

During the first increments of loading, after the initial settle- 
ment is complete, the settlement will have a straight-line rela- 
tionship to the loading. At the point of sudden break in the 
rdte.tionship the ^^criticsd loading” is reached. This loading 
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represents the ultimate bearing capacity. The safe loading is 
determined as a percentage of the ultimate. The percentage is 
determined by the value of the safety factor desired. It should, 
however, be emphasized that the actual value of this factor is 
dependent upon the accuracy of test results and the accuracy of 
any assumptions used in the interpretation of test results to 
determine the “critical loading.” 



Fig 12b — Thirty-six-inch calyx cores {Courtesy of IngersoP Rand Comjxzriff ) 


There is no standardization in the methods of making load 
tests. Most large cities specif^" methods in their building code. 
In general, both the necessitj^ of making the test and the interpre- 
tation of test results are left to the commissioner or superintend- 
ent of buildings. Test pile loadings are considered in Sec. 3 
and pile load tests are shown in Figs. 42 and 49 of that section. 
Before attempting load or pile loading tests, the building code 
and regulations of the commissioner or superintendent of build- 
ings should be studied. 

Modern building codes generally require that measurements of 
settlement be taken hourly for the first 6 to 8 hr. after loading 
and at 12-hr, intervals thereafter. The loading is placed inter- 
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niitteatly in increments of 25 to 50 per cent of the design loading. 
Each increment should remain undisturbed until no measurable 
settlement occurs in a 24-hr. period. In some cases it is required 
that the design load be placed and that it remain undisturbed 
until no settlement occurs during a period of 24 hr. After this is 
satisfied, a 50 per cent excess load should be applied and the total 
load remain undisturbed until no settlement occurs during a 
period of 24 hr. Tests are considered unsatisfactory if the pro- 
posed safe load shows a settlement of more than in. or if the 
increment of settlement obtained under the 50 per cent overload 
e.xceeds 60 per cent of the settlement under the proposed load. 

The area loaded, in making load tests, varies from 1 sq. ft. to 
areas approaching and occasionally equal to the area of the 
proposed footings. In general, the larger the area loaded, the 
more representative the test will be of the sustaining power of 
the soil. 

In loading tests on 1 sq. ft. of area, a single post, usually 
12 X 12 in., is set on end on the soil to be tested, or upon a bear- 
ing plate of practically undeformable material such as cast iron, 
steel, concrete, or hard wood. On top of this post is constructed 
a platform on which the testing weights are balanced. Often 
four such posts are used, on which a platform or loading bin is con- 
structed. Settlements are determined by making observations 
wdth a level and level rod, on a pin or bolt set in the top of the 
post under the load. Sand, cement, brick, pig iron, steel rails, 
or other materials convenient to the test, are used for loading 
the platform. In placing the load, care should be taken to 
cause as little ^dbration of the load as possible, since vibration, 
tramsmitted through the post to the soil under test, will cause 
additional settlement. 

The hydraulic jack is occasionally used in making load tests. 
Where used, a reaction for the top of the jack should be provided. 
For this reaction a load may be built up on blocking or cribbing, 
centered over the area to be tested. This load should be slightly 
in excess of the test load and should be balanced on timber or 
steel beams under which there is a cross girder to take the reac- 
tion of the jack. In using the hydraulic jack for making load 
tests, slight leakages of oil from around the piston or plunger, and 
settlement of the plate under load, will cause a drop in the 
pre^ure of the jack, so that careful supervision is necessary in 
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making such tests to keep the pressure pumped up to the test 
requirements so that it will remain constant. 

Too much emphasis cannot be placed upon tlie importance of 
the area tested. The nearer the te.sted area is to tlie actual 
area of the proposed footing the greater the \'alue of the test. 
Although the test on a small area can produce the same vertical 
or shearing intensity of stress as the foundation, the distribution 
of these stresses is generally different. Furthermore,, the larger 
areas produce greater settlement than the smaller ones. Accord- 
ing to the theory of elasticity, the ratio of the relative settle- 
ments is equal to the square root of the ratio of the respect i\’e 


Load P dons per sq. ft Load P -fens per sq . ff 



Wide 

Fig. 13. — Isobars under a narrow and under a ■wide loaded area. 

areas. Practice has, however, shown that this represents a 
possible maximum, and that actual settlements of building foun- 
dations are less than this value. 

The settlement of a structure may be due to the consolidation 
of underlying strata or to lateral movements. Lateral move- 
ment is due to shearing stresses. 

The amount of consolidation produced in a soil is directly 
proportional to the load intensity. The distribution of vertical 
intensity of stress in the soil mass supporting a foundation i.s also 
a function of the dimensions of the loaded area. This is showm 
diagrammatically in Fig. 13. It may be seen that a deep-seated 
cohesive soil layer may not be affected by the narrow loading of 
the test while considerable settlement may result from the load- 
ing of the full-sized foundation. Rate of consolidation is a func- 
tion of the rate at which water is squeezed from the soil. In 
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cohesive soils of low permeability a considerable time is required. 
The comparatively short duration of load tests would not allow 
development of this process. 

The intensity of shearing stress is proportional to the vertical 
intensity. Tnder the same unit loadings, the shearing stress 
intensity produced in the soil under the test loading and under 
the foundation may or may not be equal at a given point. This 
is dependent upon the relative dimensions of the loaded areas. 



Narrow 



Wide 



Fia. 14.— Possible shear planes under narrow, wide, shallow, and deep loaded 

areas. 


The areas offering shearing resistance are different. Possible 
shearing planes under the larger loaded area will provide more 
shearing resistance. It follows, therefore, that the ultimate 
bearing capacity as determined by the test load wiU be -on the 
side of safety. The amoimt of shearing resistance offered by 
the underlying soil mass is also affected by the depth at which 
the foundation or test area is placed. These effects are shown 
diagrammatically in Figs.^ 14a and 146. Displacements may 
occur along failure lines without actual failure occurring. This 
results in a bulging of the earth mass around the structure and 
allows some settlement. 
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The safe load, as determined by a permissible amount o* 
settlement, is therefore dependent upon the depth of the founda- 
tion below the surface and the dimensions of the loaded area, 
provided uniform soil conditions exist to an indefinite depth. 
The permissible settlement may be determined by the type of 
superstructure and the limits of allowable secondary stresses. 

The new Boston Building Code specifies a required test area 
of 1 sq. ft. for rock and residual deposits. For gravels and sands 
and for hard, medium, and soft clays, the loaded area should be 
the full size of the pit and at such depths that the ratio of the 
width of the loaded area to the depth below the immediately 
adjacent ground surface is the same as the larger of (1) the ratio 
of the vfidth of an 3 ^ footing to its depth below the immediateh' 
adjacent ground surface, (2) the ratio of the width of the entire 
foundation or group of footings to its depth below the average 
surrounding ground surface. 

This code further specifies that whenever proposed foundations 
rest on medium or soft clay, rock flour, shattered shale, or an\’ 
deposit of unusual character, test results must be interpreted in 
conjunction with accurate soil profiles that show the magnitude 
and variation in thickness of these strata. If, in the opinion of 
the commissioner, this information is not sufficient to determine 
whether the design load maj^ cause excessive or dangerous 
differential settlement, he ma\" require an anab'sis of the prob- 
able magnitude, rate, and distribution of settlement of the pro- 
posed structure. This anal\’'sis ma^^ be based upon settlements 
of near-b^’' structures having essentially” the same foundation 
conditions or upon consolidation tests and other investigations of 
undisturbed samples of the compressible materials. 
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EXCAVATION 

1. General Considerations. — ^Excavation is one of the most 
important parts of all classes of construction work. Despite the 
large sums of money and time involved, excavation methods have 
in the past been neglected. Within the last decade, the great 
improvements made in excavating tools and machinery have 
introduced methods that have revolutionized this phase of con- 
struction work. At the present time the equipment and practice 
are changing so rapidly that it is difficult to realize this unless 
one has actual contact with the field. 

In the consideration of this subject it is important to keep in 
mind that the most efficient tool or machine should be used if 
the required results are to be secured in the least time and at a 
minimum cost. 

The best method and tool or machine to use in any particular 
case depends upon many factors. The chief of them may be 
considered as magnitude of the excavation; kind of material to 
be moved; the conditions of e.xcavation, i.e., open area, ditching, 
canal work, dry or subaqueous work, length of haul; and the 
time available. The type of equipment and the number of units 
should be selected in relation to these and any other factors perti- 
nent to existing conditions. 

To produce maximum efficiency the minimum amount of 
equipment that can work at highest efficiency continuously 
should be used. This requires not only efficient selection of 
equipment consistent with the job requirements but competent 
planning and coordination of the transportation facilities and the 
disposal of excavated materials. No definite rules can be stated. 
Each problem must be solved indmdually. At the present time 
a wide variation of equipment, which is suitable under particular 
sete of combinations of field conditions, is available. 

In a text of this kind, it is impossible to cover in detail all 
types of equipment and the particular conditions under which 
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each may give efScient service. Representative t\T3es of equip- 
ment will therefore be cited and general considerations of their 
efficient fields of use will be given. For details of the design, 
construction, operation, and detailed performance record, refer- 
ence is made to catalogues of the various manufacturers. 

2. Bulldozers. — IMuch of the present-day excavating equip- 
ment can be used for more than one purpose. The bulldozer is an 
example. Essentially this machine consists of a blade that 



Fig. 1. — LeTourneau bulldozer mounted on a Caterpillar Diesel RD7 tractor. 
(^Courtesy of Caterpillar Tractor Company.) 


serves to excavate and transport the material. Power is fur- 
nished by a power control on a track-type tractor. These 
machines are classified as the front-casting, or head-on, dozer and 
the angle, or side-casting, dozer. 

The front-casting dozer shown in Fig. 1 has a fixed blade set at 
right angles to the direction of travel. Because of its versatility 
this machine has become a practically indispensable tool in 
excavation and earth-moving work. For clearing, ditching, 
sloping, finishing, leveling, and stock piling, it is an everyday 
tool. Likewise it is both an excavating tool and a dirt mover. 
For short hauls on foundation excavation and backfill work, the 





Fig. 2. — La Plant-Choate treedozer mounted on Caterpillar Diesel DS tractor. 
{Courtesy of Caterpillar Tractor Company.^ 
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bulldozer furnishes probably the cheapest method of earth mov- 
ing. As auxiliary machines \^ith other excavating and trans- 
porting machines, they provide invaluable service. 

The angle dozer has an adjustable blade, which can be set at 
an angle either to right or left for side-casting the excavated 
material and can also be tilted so that one end is 12 in. below the 
other. This feature allows deeper digging on one side than on 
the other. This dozer is particularly suitable for opening cuts 




and for sidehill cuts of certain types. If desired, the blade may 
be set for head-on dozing. 

For good performance and the highest efficiency, a dozer 
should have a sturdy but lightweight bowl curved to roll material; 
perfect balance and weight distribution to keep the tracks of the 
track-type tractor in full contact with the ground in order to 
develop Ml traction and power; and power applied directly to 
the blade when it is at the digging angle. 

In the LeToumeau mechanically controlled dozer the tractor 
power is transmitted to the dozer blade by the operation of cables. 
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which are designed for a 4,(X)0-Ib. pull per line. Since four cables 
are used, a lifting pull of 16,000 lb. can be transmitted to the 
blade. This high pull is particularly advantageous in uprooting 
trees and stumps and in moving or lifting boulders. 

Figure 1 shows a LeTourneau bulldozer and a Caterpillar 
Diesel RD7 tractor. This model tractor will operate the bull- 
dozer for efficient short hauls at a fuel cost of about 32 cents per 
hour. The machine is working on the upstream seal of ^lad 
River Dam at Korbel, California. Note the sheep’s-foot roller 



Fig. 3. — Carryall scraper. Loading operation. ^Courtesy of R. G. LeTourneau, 

Inc.) 


pulled by another tractor operating in the background to com- 
pact the soil after it is spread in thin layers by the bulldozer. 

A Caterpillar Diesel D8 tractor equipped with a La Plant- 
Cboate treedozer is shown in Fig. 2. This model vill operate on 
a fuel cost of about 40 cents per hour and is reported to be able to 
clear from % to 1 acre per hour. 

3. Scrapers. — The modem scraper is another example of com- 
bination equipment. These machines combine the process of 
excavation and loading and also serve as transporting vehicles. 
They have been developed from the simple drag, two-wheel and 
four-wheel horse-drawn scraper used at the turn of the century. 
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They are widely used and can be efl&ciently operated in any 
material other than hard rock. ^Modern scrapers having heaped 
capacities varying from to 60 cu. yd.^ are available. They 
are generally powered by a heavy-duty track-type tractor and can 
therefore act as a single unit. The scrapers are controlled by 
either cable or hydraulic pressure, from a power take-off on the 
tractor. 

The carryall scraper showm in Fig. 3 is selected to represent 
these modern machines. They are made in two types: the single 
and the double bucket. The single-bucket machine has a single 



Fig. 4. — Carryall scraper. Unloading operation. (Com rtesy of R. G. Le Tourneau, 

Jnc.) 


rigid bowl that is designed for maximum carr^ung capacity. In 
loading, the cutting blade angle is such that the material acquires 
a boiling action as it enters the bowl. Part goes to the rear of the 
scraper and part falls forward into the large carrying apron. 
This latter material assists in closing the apron when the loading 
is completed. High density results, which makes greater pay 
loads possible. When spreading, the controlled movement of the 
tail gate produces the positive ejection, as shown in Fig. 4. 

In the double-bucket type the material is loaded in a shortened 
bowl, which expands to the rear as loading proceeds. The bucket 
moves on roller bearings to reduce both the loading resistance and 
the time required. 


Sec. 2-3] 


EXCAVATIOX 


39 


Every model has the same cable control, the same cutting and 
loading control, and the same positive ejection control. These 
single units therefore serve as an excavator, as a loading mecha- 
nism, as a transporting vehicle, and as a spreading machine. 

The single-bucket models in 4- to ll- 3 ’'d. capacities are suitable 
for the smaller earth-moving contracts. They are widely used 
for grading, sloping, finishing, basement excavations, ditching, 
trenching, and leveling. As au.xiliary equipment on large jobs 
they are economical for hauls up to 2,400 ft. In these capacities, 
carryalls may be loaded vithout pusher help in ordinary operating 
conditions. The units from 15 to 33 yd. heaped capacities are 
suitable where considerable volume of earth moving is involved. 
Because of the large tires these models are capable of traveling 
rough, sandy, or muddy ground. Those with capacity below 
20 yd. may be loaded without pusher help but the pay \'ardage 
will be increased if pusher help is used. The economical length of 
haul for this capacit 3 ^ is 4,000 ft. Two scrapers ma\' be used in 
tandem. This practice materialh^ increases the output of a 
single tractor. Pusher help, however, is advisable for loading 
where there is a lack of grade. 

The double-bucket types are made in 16- to 60-cu. yd. heaped 
capacities. In effect these machines are the same as loading two 
small scrapers at the same time. Their initial cost is higher, but 
yardage gains due to more rapid loading will reduce the 3 ’ardage 
cost and increase the length of economic haul. Double-bucket 
models are therefore best suited for large-scale earth moving, and 
are economical for hauls up to 6,000 ft. These larger machines 
should have additional tractors for loading. Under difficult 
loading conditions a pusher and a snatch tractor, one furnishing 
additional pull, are used. For economical operation these units 
should be operated in groups of three or four scrapers per pusher- 
loading tractor to distribute pusher cost over several machines. 

An important factor limiting this economical length of haul was 
the slow speed of the tractor. The modern Tournapuli, a power- 
ful automotive-type rubber-tired machine, overcomes this diffi- 
culty. These units are built in six power sizes and, when used 
with carryalls, are capable of hauling large loads over good road- 
ways at high speeds. They are subject to the draft limitation of 
all trucks. For loading, push helpers are nectosary. A complete 
unit is shown loading in Fig. 5. With the introduction of this 
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Toumapull, the only factor now limiting the economical length of 
haul is that of keeping the loading costs spread over enough units 
to produce the lowest over-all cost. 

Uiirier proper planning for spreading costs it is reported that 
pusher'^ loading can be reduced to about cents per cubic 
yard. It is impossible to give complete production figures for aU 
types of modern equipment under all working conditions. The 
manufacturers base the ownership and operation cost on an 
operating hour of 50 min., in which an efficiency of 83 per cent is 
assumed. According to the LeTourneau Company, a 15-yd. 



Fig. 5. — Carrj-all scraper with Tournapull and pusher tractor. {Courtesy of 
R. G. Le Tourneau, Inc.) 


heaped capacity carrjmll powered by a super C '' Tournapull will 
cost about $5 to $5.50 per operating hour. This figure includes 
depreciation. This model and power equipment has a maximum 
economic length of haul of 4,000 ft. The pay yards per 50-min. 
hour at one-way haul lengths of 800, 1,600, 2,400, 3,000, and 
4,000 ft. are given as 140, 108, 87, 75, and 63, respectively. 

Because of the controlled methods of loading and unloading, 
these machines furnish an invaluable means of earth moving 
where placement is a primary factor, as in the building of earth 
dams. They have made the great modern earth dams possible. 
Excavation can he controlled to produce the degree of mixing 
required; by um of automotive power the length of hauls is 
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limited only by the balancing of over-all costs, and the placement 
in fills can be easily controlled to thin layers to produce maximum 
ultimate compaction. The expense of spreading operation is 
calculated to be about 0.6 cent per cubic yard. 

4. Rooters. — The heavy-duty rooter is an important auxiliary- 
tool for the scraper. It extends the use of the scraper into mate- 
rials which would otherwise require blasting and shovel handling. 
A heavy-duty LeTourneau rooter drawn by a Caterpillar Diesel 
D8 tractor is shown in Fig. 6 ripping limestone rock. Design 
strength is of greatest importance in these tools. A special 



Fig. 6. — Heavy-duty LeTourneau rooter and Caterpillar tractor. {Courtesy of 
Caterpillar Tractor Company. ') 


heavy-duty rooter is built to take the fuel power of two D8 
tractors. Rooters are made with three and five teeth. The 
selection of the one best suited for a particular job is dependent 
upon the hardness of the material and the depth of breakage 
desired. AU units are of all-welded construction using heat- 
treated steels. The teeth enter the ground at angles that tend to 
pull deeper. The depth is controlled by the cable action. For 
breaking hard materials the teeth are raised by the action of the 
cables. 

6. Power Shovels. — ^Power shovels are important excavating 
machines. They are suitable for close work and can be operated 
in any material, including hard rock that has been brok^ up. 





Fig. 7. — Northwest shovels in heavy rock cut for approach to George Washington 
Bridge, New York City. {^Courtesy of Northwest Enyineering ComjpanyJ) 


trucks, or on a crawler base. Present-day shovels provide a full 
360-deg. horizontal swing or operating angle. The general range 
of dipper capacities varies from ^ 4 , to 3 cu. yd. The heavier 
machines may have dipper capacities up to 5 cu. yd. or larger. 
Special machines designed for coal stripping or other specific 
purposes may have dipper capacities as high as 30 cu. yd. 

Power shovels provide good digging control and are speedy 
excavating machines. In general, for dipper capacities up to 
2 cu. yd., they can operate at two to three cycles per minute. 
The determination of the proper si 2 fe to use for a given job should 
be related to iJha other Job factors. Shovel capacity and trans- 





Fig. 8. — Electric shovel, 5 cu. yd. capacity, at site of Grand Coulee Dam. 

{Courtesy of U. S. Department of the Interior.) 

designed rotating base, which is in turn mounted on a crawler 
base. This make of shovel is, according to the manufacturer, 
powered by rugged heavy-duty power plants, especially designed 
to provide fuel economy and ease of control. The dippers are 
designed to fill quickly and to empty easily. The heavy all- 
welded boom and dipper stick will resist the high trusting stresses 
that are developed. 

A heavy electric shovel with a dipper capacity of 5 eu. yd. is 
shown in Fig. 8 excavating at the site of West Side Power House 
at Grand Coulee Dam. 
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porting equipment capacity should be so balanced that the shove! 
can operate at full capacity for the maximum time. The single 
unit and total capacity of the transporting equipment should 
therefore be provided in accordance with shovel capacity, wx)rk- 
ing conditions, and length of haul. 

Figure 7 shows two Northwest shovels working in a heavy rock 
cut for the approach to the George Washington Bridge, New' 
York, New York. These shovels are mounted on a specially 
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One of the principal advantages of the modern shovel is the 
possibility' of various uses. IMost makes can be converted into a 
trench hoe, or pull shovel, a dragline, a derrick, or a crane for 
clamshell operation. A pull shovel is shown in Fig. 9 excavating 
a sewer trench. 





Fig. 9. — Pull shovel in trenching work. (Courtesy of Northwest Engineering 

Company) 


6. Elevating Graders. — The elevating grader is another type of 
excavating and loading machine. It is also applicable where 
large areas must be excavated, such as stripping operations at the 
sites of large dams. An elevating grader includes a cutting 
blade, which may be controlled for cutting depth, and a means 
of deflecting and elevating the excavated material to the trans- 
porting vehicle. 
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Like all otLer excavating equipment, modem elevating 
graders represent a great improvement over the older models. 
They are usually tractor-dra'v^m and are capable, under good load- 
ing conditions, of handling as much as 300 cu. yd. per hr. The 
smaller sizes are powered by a take-off on the tractor, but in the 
larger sizes a power unit is mounted on the grader. The develop- 
ment of the modern scraper has replaced this apparatus to a great 
extent. 



Fig. 10. — Mobiloader. {Courtesy of Athey Truss Wheel Company.) 


7. Mobiloader. — recent development in excavating and 
loading equipment is illustrated by the jMobiloader, shown in 
Fig. 10. These machines, which are designed and built by the 
Athey Truss Wheel Company, are available in two sizes and are 
mounted on Caterpillar D8 and D4 tractors. Bucket capacities 
range from 2 }^ to 4}4 cu. yd,, but larger buckets may be used 
when light materials are to be moved. The machine excavates 
in front and dumps overhead to the rear. The bucket on either 
model may be removed and replaced by a bulldozer blade. 
According to the manufacturers, in the two years of actual operas 
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tion these machines have shown time savings and proved their 
suitability to handle sands, gravels, clays, crushed stone, ore, coal, 
or any stock-piled materials. 

8. Draglines. — The dragline excavator also combines the func- 
tions of excavating and loading. It is a flexible excavating tool 
and can operate efficiently under conditions unsuitable for dipper 
shovels. It is applicable for trench excavation, in drainage work, 
in levee work, and on many other earth-moving jobs. A North- 



Fig. 11. — Dragline in moderate depth excavation. {Courtesy of Northwest 
Engineering Company J) 

west dragline is shown in Fig. 11. Such a machine can excavate 
below its base. It has a longer reach than a shovel and can 
elevate the excavated material to transporting equipment or to 
storage piles as shown in Fig. 12. 

Draglines cannot handle hard materials as efficiently as a 
dipper shovel. An important factor in producing maximum 
efficiency is the selection of the correct size and shape of bucket 
for particular soil conditions, length of boom, and other machine 
characteristics. Under certain easy digging conditions, bucket 
capacity is sometimes increased over the rated capacity. How- 
ever, this usually requires a movement of the boom, which 
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decreases the range of operation. In general operation, the boom 
is fixed at an angle of 30 to 37 deg., as shown in Figs. 11 and 12. 

9. Derrick and Hoist Buckets. — ^Two classes of buckets ma^* be 
used with a derrick: the nondigging dump bucket and the digging 
or grab bucket. The first class include skips, trunnion buckets. 



Fig. 12. — Dragline in deep excavation. iCourtis^f of Northwest Engineering 

Company.) 


and bottom-dump buckets. The second class comprises the 
orange-peel and the clamshell buckets. The skip is a tray-shaped 
box with one side open. It may be made of wood or steel and is 
suspended from three points by chains leading to a ring that 
engages the hook on the end of the derrick cable hoist line. The 
trunnion bucket oonsiste of a steel tray, the front ade of which 
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slopes sharply toward the outer or upper edge. The bucket is 
supported from the hoist line by a bail, which is attached to the 
sides by trunnions so placed as to keep the bucket upright rrhen 
loaded. The bucket is easily dumped by tilting. Bottom-dump 
buckets are steel boxes with the bottoms hinged so that their 



Fig. 13- — Clamshell bucket in trench excavation. (Courtesy of Northwest 
Engineering Company.) 


contents may be automatically dumped. This type of bucket is 
better suited for handling concrete than earth and possesses no 
advantages over the skip for the removal of hand excavation. 

The buckets may be hoisted with tractor or track-mounted 
cranes or by a converted shovel. The portable cranes are 
particularly suitable for trench excavation. For deep pits and 
deep foundations the fixed derrick may be used. The clamshell 
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bucket is T\idely used in handling materials in material storage 
yards and batching plants. Figure 13 shows a clamshell bucket 
used in trench excavation. 

10. Cableway Excavators. — Cableway excavators are classified 
as tower machines and power drag scrapers. Both are essentially 
slack-line cableway excavators. They combine the four essential 
operations of excavation, loading, transportation, and disposal. 
They are very flexible machines and are built in a wide range of 
sizes ha\’ing output capacities up to 1,000 tons ])er hour and in 
spans up to 1,500 ft. They can excavate to a dc^pth equal 
approximately to one-third of the span and, depending on the 



height of the tower, can pile excavated materials to a height of 50 
to 90 ft. above the tower base. 

Among the advantages claimed for these machines are one-man 
operation, low power and maintenance costs, reliable, speedy, 
steady ser\dce, a minimum of elaborate machinery A\ith few 
moving parts, and adaptability to unusual soil conditions and 
excavation location. 

The control of the bucket on a slack-line cableway during 
operation is shown diagrammatically in Fig. 14. The track cable 
is supported on one end by the tail tower and at the other in the 
head or control tower. When the track cable is slackened, the 
bucket runs down by gravity to the low point. This back haul 
may also be powered. The travel may be checked at any time by 
lengthening the cable. A pull is then placed on the load cable 
until the bucket is filled. The filled bucket is raised by a further 
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tightening of the track cable, and the load cable pulls it toward 
the head to^Yer. The bucket may be dumped at any point along 
the cable. The height to which the material may be piled is 
dependent upon the height of the tower. It is evident that these 
machines are particularly suitable for excavating to considerable 
depths below the surface, where the excavated material must be 
transported to the edge or rim of the excavation and deposited. 


Fig. loa. — Slack-line cableway excavator. (^Courtesy of Sauerman Bros.) 

Bucket capacities generally var^- from 1 to 3 cu. yd. The output 
in cubic yards per hour is dependent upon the bucket size and the 
length of span. A slack-line cableway excavator ha\dng a span 
of 800 ft. and a bucket capacity of J o cri. yd. is shown in Fig. 15a. 

In the operation of the power drag scraper the bucket is not 
raised from the ground surface. It is dragged from the pit on the 
surface, over the rim, and up the side of the spoil or storage piles. 
Both head and tail towers may be supported on w’^heel or crawler 
bases and are moved along as the work progresses. The bases 
are usually powered to propel themselves forward- The drag 
scraper is particularly suitable for levee and canal work or where 
excavated material may be dumped directly on the bank of the 
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pit. The output in cubic yards per hour is dependent upon tlie 
bucket size and the length of the span. Bucket sizes vary from 
4 to 14 cu. yd., and economical spans vary from about 5CH3 tf> 
800 ft. A drag scraper with a self-propelled head tower is shomii 
in Fig. 155. Excavated material from an area 1,250 X 350 ft. 
and 30 ft. deep is dumped into a hopper at the top of the rarnp 
and passed into cars underneath it. 



Fig. 156. — Dragline scraper with seif-propelled head tower. ..Coarhsj o/ 
Saucnnan Bros,) 


11. Walking Draglines. — Another type of mobile excavator is 
the walking dragline. The machine, shown in Fig. 16, is also 
knovm as the Biicyrus-]\Ionighan. The outstanding features of 
this machine as an excavator are its long boom, simplicity of 
construction, ability to handle large-capacity buckets, mobility, 
and the very low bearing load on its base, which makes its use 
possible on soft bottom. The machine is moved by a process of 
steps produced by the rotation of cams. Both shoes are lowered 
simultaneously and part of the weight of the machine is trans- 
ferred from the base to the shoes. The base then tilts and the 
whole machine skids forward. The whole base is never off the 
ground at any one time and the movement is therefore accom- 



52 FOUXDATIOXS, ABUTMEXTS AND FOOTINGS [Sec. 2-11 


plished without shock or damage to the machine or frame. The 
eccentric cams rotate inside the track frame and are driven by 
the walking shaft, which is rotated by a large gear, driven through 
a pinion connected to the drag drum shaft. Since no rotating 
or moving part comes in direct contact with the ground, very 
little wear results. No stearing mechanism is necessary. The 
machine moves in ^whatever direction the walking shoes point. 
Direction is changed by swinging the revolving frame. Back- 



Fig. Iti. — Walking dragline. {Coijrtestf of Bucyrus, Erie.) 


and-forth or side-step movement, which permits advantageous 
working at most digging and dumping positions, is easily and 
quickly accomplished. 

Walking draglines are built in standard sizes having bucket 
capacities of 2, 3, 5, 6, and 10 cu. yd. with corresponding boom 
lengths of 60, 70, 90, 100, and 160 ft. A model having a bucket 
size of 6 cu. yd. and a 160-ft. boom is also standard. Special 
models may be had with bucket capacities up to 20 cu. yd. and 
boom lengths up to 250 ft. 

These draglines are designed for fast hoisting and swinging, 
which rmilts in a minimum time cycle and high output. They 
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are powered by Diesel engines or electric motors. Remote-con- 
trol levers are electric- or air-powered. 

12. Transporting Equipment. — ^The need for efficient and fast- 
mo\dng transporting vehicles has been pointed out in the eon 
sideration of power shovels, elevating graders, and draglines 
This is a ver^^ important factor in connection with any excavatini 
tool that serves as an excavator and a loader. 

Trucks are widely used as high-speed transporting vehicles 
They are offered in a wide range of type, capacity, and speed 


Fig- 17- — Cra\vler-t 5 "pe wagons drawn by Caterpillar tractor. iCourtfsy of 
Caterpillar Tractor Company.) 

They are usually provided with rear-dump bodies that are 
operated by hydraulic hoists. Tractor-drawn wagons of the 
crawler type, shown in Fig. 17, are available in capacities var^dng 
from 6 to 15 cu. yd. A recent trend is toward pneumatic-tired 
wagons of approximately equal capacities. Larger wagons, hav- 
ing heaped capacities up to 30 cu. yd., are termed “buggies.” 
These buggies are usually tractor-drawn and may be dumped 
while in motion. 

Truck- or tractor-drawn trailers are coming into wide use. 
A three-compartment side-dump trailer having a total capacity of 
24 cu. yd. is available with Mack trucks. An all-welded steel* 
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Fia. ISA. — Touriiatrailer in action, (Courtesy of R. G. LeTourneau, Inc.) 


body trailer made by the LeToiirneaii Company is shown in 
Fig. ISa. These units are available .in 10, 20, and 30 cu. yd,, 


heaped capacity, and may be drawn by either the crawler or the 
pneumatic-tired tractor. In emptying, the body slides back off 
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the bed, forcing material out of the rear opening. The unit can 
be emptied while in motion as .-^hown in Fig. ISh. 

Dependent upon the magnitude of the exca\'ation and tlie 
amount of materials to be hauled, special transp<>rting eciuipnieiit 
may be either designed or selected for a particular imdertaking. 



Interior A 

These methods may include railroad trains, tramways, belt 
conveyors, cableways, and others. 

Railroad trains are suitable only for very large volumes over 
long hauls. They are used only if no other feasible methods can 
be adopted. Tramways are used to transport materials over 
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mountainous or very rough country where sufficient volume to 
justify the high cost of installation is involved. Loaded and 
empty buckets are moved by power-driven cables. The buckets 
cannot be loaded directly from excavating equipment and special 
loading and discharge equipment must be arranged for particular 
job conditions. A belt conve 3 mr is shown in Fig. 19 delivering 
concrete aggregate at Shasta Dam, Central Valley Project, 



Fid. 20. — Tail towers for cableway at Shasta Dam. {Courtesy of U.S. Depart- 
merit of the Interior.) 


California. Belt conve^mrs are extensively^ used for the trans- 
portation of excavated material over both short and long dis- 
tances where large volumes are to be moved to a definite delivery 
point. 

The cableway is especially adapted for the hoisting and 
removal of excavated material when it is to be transported across 
a great open space, such as a valley or stream. The principal 
parts of a cableway arc the towers, the iK>wer equipment, and the 
operating equipment. The cableway terminates in the towera 
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One is called the “tail” tower, the other the “head” or operating 
tower. A main cable serves as a track over which the traveler 
moves and is controlled by hoisting and traversing cables operated 
from the head tower. Figure 20 shows the tail towers and Fig. 21 
the head tower used at Shasta Darn, California. 



13. Rock Excavation. — The excavation of deep foundations for 
buildings, walls, dams, piers, and other similar structures often 
involves the removal of solid rock. The rock should be broken 
up into fragments of a size that can be handled and removed by 
either hand or power excavators. Blasting, the universal 


(jCourtesy of U.S. Depari- 


Fig. 21. 


— Head tower*' for cableway at Shasta Dam. 

merit of the Interior.) 
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method of breaking up rock, consists in the drilling of holes 
the rocks, the charging of the holes with a suitable explosive, and 
the firing or explosion of the charge. As the breaking up of rock 
in the foundation of many structures such as Imildings, piers, and 
walls must often be done in restricted areas and adjacent to 
existing structures, the work should be executed with great care 
to secure the required results without injury to life and property. 

Except for very small jobs rock drilling is no longer done by 
hand. The power-dri\'en rock-drilling equipment now available 
covers such a wide range of sizes and is so adaptable to various 
power sources that it is almost universally used. 

Power drills maA” be divided into two general groups: the 
percussion and the abrasion drill. The first t^^pe is represented 
by the jackhammer, the well, and the wagon drill. Abrasion 
drills are essentially core drills and are represented by the 
diamond drill and the shot core drill. 

In general, power is furnished by gasoline, compressed air, or 
electric motors. Gasoline or electric motors may be used as 
prime movers for air compressors. Dependent upon the size of 
the job, air compressors vary from truck- or trailer-mounted units 
using gasoline, oil, or convertible engines to drive two-stage air- 
cooled compressors having capacities of 60 to 500 cu. ft. per min. 
to large station plants housing unit.s up to 7,500 cu. ft. per min. 
capacity. These large units may be gasoline or oil, Diesel- or 
electric- motor-driven. 

14. Jackhammer Drills. — The jackhammer drill is a portable, 
unmounted, hand-operated power drill. Since its introduction 
in 1912, there has been a steady improvement in its design and 
construction. It probably is the most popular drill now in use. 
It is relatively light in weight but has a fast drilling speed and is in 
general use in construction, quarry, mining, and in maintenance 
work. These drills are eflScient tools for down-hole drilling for 
depths up to 10 ft. and can be mounted for horizontal drilling. 

Jackhammer drills are made in the dry, wet, or blower type. 
Their weight varies from 35 to 75 lb. ; the drill hole varies from 
1 to 3 in. in diameter. Heavier hammers, sometimes called 
^hsinkers,'’ are used for large sizes in hes.\y down-hole drilling. 
Both the thrtist and the rotation are produced by compressed air 
conducted to the drill through a flexible rubber hose. The air 
pressure generally used is between 70- and 80-lb. gage at the 
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drill. The jackhammers of various manufacturers differ in 
control and weight and other details. Typical hammers are 
those of Ingersoll-Rand Company and the Sullivan ^Machinery 
Company and reference is made to their catalogues for details. 
The^’- are of all-steel construction and are automatically lubri- 
cated. The dry types use solid 
drill rods while the wet and 
blower types use hoUow rods. 

To clean drill holes, air is used 
in the blower models and water 
in the wet models. Figure 22 
shows a front view of a jack- 
hammer drill of the 62-lb. 
class, with a removable jack 
bit. The use of these drills is 
shown in Fig. 3, of Sec. 6, pre- 
paring abutment foundations 
for Shasta Dam, California. 

In practice, the use of jack 
rods and jack bits is replacing 
the use of forged drill rods. 

The bits are held to the jack 
rod by a coarse thread, which 
makes the bit readily detach- 

able. The bits are made of 22.-Front view of a jack- 

especially uniformly hardened hammer. ^Courtesy of I ngtrsoIi-Ra/id 
steel in various sizes and types Company.) 

to meet all rock drilling conditions and can be resharpened two 
or three times. A 4- and 6-point centei-hole jack bit and a 
jack-rod thread are shown in Fig. 23. 

16- Jackhammer Mountings. — For horizontal or inclined holes, 
the jackhammer may be mounted. A representati\"e t\'pe of 
mounting clamps the jackhammer in a carriage, which may in 
turn be mounted on a column, a horizontal bar, or a tripod. In 
drilling, the carriage is moved forward by hand or by an auto- 
matically operated feed screw. The jackhammer may also be 
mounted on a jack leg. The jack leg is a steel rod w'eighing about 
35 lb. One end is pointed and the other contains an air piston. 
The hammer is attached to the piston. The pointed end of the 
jack leg is pushed in the ground and the drill bit resting against 
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the rock forms the other point of support. An adjustment of the 
feeding pressure against the jackdeg piston regulates the rate at 
which the hammer and drill are pushed forward^ thereby regulat- 
ing the drilling speed. 




Fia. 23. — Jack bits and jack-rod thread. {Courtesy of Ingeraoll-Rand Company.) 

16 . Drifter Drills. — The tripod mounting is generally used 
with drifter drills. The complete unit is sometimes called a 
“tripod drill.” Drifter drills weigh from 125 to 300 lb. The 
tripod le^ are usually telescopic, mth adjustable weights gener- 
ally attached to them. These drills may also be mounted on 
columns, quarry bars, drilling units, or wagons. They are used 
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for he&vy drilling ^/ork and for deeper holes in hard rock or where 
pow’erful rotation and high blowing are needed. 

17. Stope “hammer Drills. — Essentially, a stope-hammer drill 
is a modification of a jackhammer. These drills are made in 
weights ranging from about 65 to 1 16 lb. and are usually mounted 
on a thrust rod and used principally for up-hole drilling. The 
lighter models are hand fed while the heavier models are usually 
automatically" fed. Both types have high drilling speeds and are 
extensively used in tunnel and mining work. 

18. Other Hand-operated Tools. — ]Many other hand-operated 
air tools are used in excavation work. They are adaptable to 
loosening soft rock, trimming rock surfaces, breaking concrete 
pavement, cutting hard pan or hard clays, tamping eiiihank- 
ments, and many other operations. These powered tools have 
been developed to high degrees of efficiency and have done iiiueli 
to expedite work and to lower costs. For detailed information 
reference is made to manufacturers^ catalogues. 

19. Well Drills. — Well drills depend entirely upon the weight 
of the bit and heavy drill rod to produce a crushing action on the 
rock when the drill is dropped into the drill hole. In raising and 
lowering, a churning action is produced. This method is some- 
times called the churn drill.” This churning action produces a 
slurry of displaced soil and rock fragments, when water is used in 
drilling. The hole is cleaned by bailing, washing, or with a sand 
pump. 

Well or chum drills are best suited for large-diameter holes of 
considerable depth. They are used in quarry work for holes up 
to 8 in. in diameter. Because the rate of drilling is directly 
dependent upon the weight of the drill tools, small-diameter 
holes are not economical. Six-inch holes may be drilled at the 
rate of 1 to 6 ft, per hr. in rock having the hardness of limestone 
or trap. 

20. Wagon Drill. — The wagon drill provides a flexible and 
portable drilling unit. A lighter model, as shown in Fig. 24, is 
adjustable for drilling at any angle. It is suitable for holes 
up to 24 ft. in depth and pro\ddes for change of drill rods in 6-ft. 
sections. The single-piece tubular frame furnishes rigidity with 
light weight and provides a means of obtaining many operating 
positions. 
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The heavier models will accommodate 10-ft. drill steel changes. 
The drill is fed down by its own weight plus a slab back with 
adjustable weights, which makes it adjustable for various 
ground conditions. It may be raised by a hand WTench or an 
air-operated hoist. The tower in these models may be tilted 15 
deg. either side of the normal vertical position. The mounting 



Fig. 1:4. W agon drill. {Courtesy of IngersoU-Rand Company.) 

frame is hea\der and larger drills may be used. These heavy 
models are suitable for approximately vertical holes in soft and 
medium hard rock for depths up to 40 ft. 

Compared with hand-operated drills, these wagon-naounted 
drills assure faster drilling speeds by permitting the use of heavier 
drills and longer feeds. Deeper holes may be drilled with fewer 
rod changes. The use of larger bits permits a wider spacing of 
holes- This produces a saving in drilling time and in quantity of 
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explosive necessary. In quarry work, holes ma\' l»e so spacc^d 
that secondary drilling is unnecessar\'. 



21. Abrasion Drills. — ^Abrasion drills are used where cores are 
to be taken. Core drilling done essentially for exploratory work 
was described in Art. 10. 
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iVIany large moderii engineering undertakings require large- 
diameter deep holes. These holes are not primarily for investiga- 
tion but may be used for ventilating shafts or in mining or 
tunneling work. The depth and diameter of the 
SI drill hole are limited by the length and weight of 
^ drill rods necessary. For small-diameter holes, the 
drill rod method is suitable for depths of 250 to 
i 300 ft- For diameters up to 36 to 54 in., the calyx 

drill uses this method for depths of 50 ft. 

To make large-diameter deep holes possible by 
core drilling methods without the use of drill rods, 
a rotative power unit that follows the drill tools 
down in the hole has been developed. This unit is 
shown diagrammatically in Fig. 25. The 72-in.- 
shaft core drill unit is shown in Fig. 26. A unit of 
this size w^as built for the Russian Government 



Fig. 26.— 
Shaft - core 
driil mult, 72- 
in. -diameter. 

-of 

Oompanff.) 


some years ago. 

22. Explosives. — Explosives are substances used 
to generate power for the breaking up of masses of 
rock. The pownr is generated by an explosion, 
which is the chemical action between the elements 
of the e.xplosive substance. This action takes place 
at a high temperature and results in the generation 
of a large volume of gas. The sudden expansion 
of the gas, which is confined in a relatively small 
space, produces the explosive force that ruptures or 
breaks up the rock. The strength of an explosive 
is the force or p>ower generated by it. Fast ex- 
plosion creates larger volumes of gas that quickly 
expand to produce a shattering blow. The slow 
explosion will produce an even blow. Explosive 
strength is usually expressed in terms of the per- 
<»nt^e of nitroglycerin present. The gases gener- 
ated in the explosion may be toxic and their heat 
may explode mixture of pit gas^ and air, or mix- 
tures of dust and air if used in oonfibned places. 


The Sfetength of the explosive' of the 'deflagrating type, 

such as blasting powder, which do not depend upon nitroglycerin 
for their strength, may be expre^ed in terms of a dynamite having 
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a percentage of nitroglycerin that will release an e<|ual amount 
of energy. 

Explosive substances may be classified as blasting powder, 
pellet powder, and high explosives, which include the ixu-rnissif ile 
explosives. 

22a. Blasting powder is the oldest and most widely 
known explosive. It consists of 70 to 75 per cent saltpeter, 10 to 
15 per cent charcoal, and 10 to 15 per cent sulphur. In some 
grades the saltpeter may be replaced by nitrate of soda. The 
powders using saltpeter are much more expensive and are used 
only in difficult blasting, as in quarrying fine-dimension stone. 
The powder using nitrate of soda is not so water-resistant ; hence, 
great care should be taken to keep the powder in an airtight 
container and stored in a dry place. 

Powder comes in metal containers or kegs of about 25-lb. 
capacity. The powder is classified in grade's depending on the 
size of the grain, which varie\s from about tig to ^ I diam- 

eter. The rate of combustion varies with the size of grain, and 
thus a fine-grained powder is termcni a quick powder, while a 
coarse-grained powder is called a slow powder. Powder grains 
should be uniform in size for any grade, be free from dust, and 
have no sharp edges or corners. 

The grade using nitrate of soda is widely used in general 
quarrying, stripping, coal mining, and general excavating w'ork. 
In blasting rock it is poured through a funnel into the hole or 
holes that have been previously drilled. In horizontal holes, the 
powder is placed by a long-handled scoop or shoved into the holes 
in paper bags. The powder is ignited by a cap or fuse, the low^er 
end of which is buried in it. After the hole is loaded, clay or sand 
should be placed above the charge in layers well compacted by 
tamping with a wooden bar or rod. When powder is fired by 
electricity, a paper cap containing powder is placed in the charge 
and ignites the latter by a small flame. 

2^. PeEet Powder. — Pellet powder is an improved 
deflagrating explosive. It is, basically, the same as the blasting 
powder containing nitrate of soda but has additional ingredients 
tO' .control phyS'Cal and explo®ve properti^ of the five gmd« 
manufactured. The poivder is pressed in cylindrical peflefe 
about 2 in. long and in diameters varying from 1J4 ho in. 
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Four pellets are paper wrapped to form a cartridge. The 
cartridges are dipped in paraffin and are packed in wooden boxes 
containing either 25 or 50 lb. This powder is suitable for use in 
wet holes. 

22c. High Explosives. — High explosives include all 
the dynamites, permissible explosives, and the low powders. 
High explosives are all fired by a detonator, and the transforma- 
tion from the solid co the gaseous form is much faster. A much 
greater volume of gas is generated. Permissible explosives are 
those which have been tested and approved by the U.S. Bureau of 
ZMiries for use in gaseous and dusty mines. 

22d, Nitroglycerin. — Nitroglycerin is an unstable 
explosive liquid produced by the action of nitric or sulphuric acid 
on glycerin. The liquid vdll burn if ignited in open air, and 
explode at a temperature of 388°F. In explosion it generates 
about 1,500 times its volume in gas, which will in turn expand 
approximately 10,000 times in volume ovdng to the heat of com- 
bustion. Nitroglycerin 'v\ill freeze at 41°F. and may be exploded 
by shock. 

22c. Dynamite. — D\mamite is representative of' the 
rapid explosive. It is made by soaking some absorptive mate- 
rial, usually called “dope,” in nitroglycerin. The dope is called 
“inactive” if an inactive substance such as porous earth or wood 
pulp is used, and “active” if the absorbent material is gunpowder. 
The grades of straight dynamite are determined by the amounts, 
expressed in percentage by weight, of nitroglycerin contained in 
the explosives. Thus, if the weight of nitroglycerin is 60 per cent 
of the total weight of the compound (wdth inactive dope), 
the explosive is termed a 60 per cent djmamite. Dynamites 
with an active base are rated by comparison with a standard, 
inactive-dope brand. They are sometimes called “false” 
dynamites. 

The classes of dynamite in general use are the straight nitro- 
glycerin dynamite, the low-freezing dynamite, the ammonia 
dynamite, and the gelatin dynamite. The low-freezing dyna- 
mite will not generally freeze at temperatures above 82°F. In 
ammonia dynamite varying percentages of the nitroglycerin are 
replaced by nitrate of ammonia. In the gelatin dynamite the 
exploave base is a jelly made by dissolving nitrocotton in nitro- 
^ycerin. &ime of the nitrocotton and glycerin may be replaced 
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by ammonia nitrate. The first is known as ^'straight gelatin 
and the second as ‘^ammonia gelatin” dynamite. 

For a detailed consideration of the classification, transporta- 
tion, storage, handling, and use of explosives, particular reference 
is made to “Blasters Handbook.”^ 

Dynamite comes in paper cartridges, 1, 1)4, to 2 In. in 
diameter and var^dng in length from 6 to 16 in. The common 
size is 1J4 X 8 in. and is shipped in wooden boxes holding 25 or 
50 lb. Forty per cent dynamite is a common strength used in 
construction work. It is readily obtainable on the market and is 
suitable in anj^ material except the very hard rocks. 

The cartridges, which should be slightly smaller than the drill 
holes, are slit lengthwise T\fith a knife and pressed well into the 
hole, sucessively, by a wooden rammer. The explosive charge is 
fired by a detonator or blasting cap. Blasting caps are copper 
cylinders, }4 to J o ki. or larger in diameter and about o in- 
long. They are closed on one end and contain varying charges of 
powerful explosive. They are fired by a safety fuse. The elec- 
tric cap is equipped with vnres of various lengths which ma^' be 
interconnected by a series of parallel circuits to an electric source 
for firing. Series circuits are usually connected to a blasting 
machine which is a hand-operated dynamo consisting principally 
of two electromagnets and an armature. The pushing or pulling 
of a handle generates an electric current, which, transmitted to 
the detonator through the wires, explodes the charge. 

Parallel circuits are usually connected to an electric source. 
Electric caps are generally safer than the ordinary firing caps and 
in addition give better control of the time of explosion. 

Standard electric blasting caps used in construction work are 
insulated against water but are not made waterproof for firing 
under water. Delayed-action caps are available to fire as high as 
six intervals after the first impulse. This action is accomplished 
by placing a slow-burning substance between the ignition bridge 
and the explosive substance in the cap. 

Fzeld of Use. — The kind or strength of explosive to use in any 
particular case depends on several factors, such as the nature 
and condition of the material to be blasted, the amount of 
breaking up required, the size and spacing of the drill hote, 

1 Published by E. I. duPent de Nemours A Company, Inc., Ik|3ic»ww 
Department, Wilmioigton, Delaware. 
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and the nature of the excavation, such as bench, open cut, or 
tunneling. 

The straight dyns uiites are generally the best to use in simple, 
open-cut work, where a quick, positive, shattering effect is 
desired. Gelatin dynamites are best adapted for wet work. 
In order to secure maximum efficiency from this class of explosive, 
the strongest detonator should be used. The ammonia dynamites 
are slower than straight dynamites, are not so sensitive, and 
should be used where too great a shattering effect is not desired. 

Scope of Work . — The method of blasting to be used depends on 
many factors. In foundation or pit excavation it is generally 
done in sections or by the so-called bench method. 

No rule can be given as to the spacing of the holes, as this 
depends largel,v upon the nature and condition of the rock, the 
required size of fragments, kind of explosive used, etc. In 
general practice, the holes are placed back from the face a dis- 
tance about equal to their depth. The holes can often be spaced 
a distance apart considerably greater than their depth in strati- 
fied rock. T^dien stratified rock has a dip, the spacing of the 
holes parallel and at right angles to the strike should depend on 
the kind of explosive ysed, the character of rock, the size and 
numbers of seams or fissures, and the method of loading or placing 
the charges. As a general rule, holes should never be more than 
20 ft. apart, and in hard rock it is well to try out spacings of from 
10 to 15 ft. 

The amount of explosive to place in a charge depends on so 
man 3 ^ variable elements that no absolute rule can be given. It 
is common practice to fill! the larger holes on heavy work to one- 
half their depth, and to bring the charge up to not less than 30 ft. 
from the surface. In hard material, the holes are often loaded 
up to within 20 ft. of the surface. In deep holes, two or more 
charges may be placed so as to secure greatest efificiency with 
economy in the use of the explosive. In ordinary rock 40 per 
cent dynamite will ^ve satisfactory results ; in hard rock, a com- 
bination of 60 per cent and 40 per cent dynamite is advisable — 
the 60 per cent placed in the bottom of the hole, and the 40 per 
cent on top. It is well to space caj^ or detonators about every 
25 ft. in deep hote. 

Usually the hote are exploded in lin^ equidistant from the 
fa€«. The fractured material is then removed before the next 
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lilast is made. In very hard material good results are secured 
by staggering the holes. In some cases a second line of holes is 
shot down before the blasted material from the first line of holes 
is removed. This is the so-called buffer method of blasting 
and is especially adapted to loose stratified material that can be 
easily handled by an excavator in the cut. 

The accompamung table gives the number of cubic yards of 
rock removed per foot of hole at different spacings. 

23. Rock Breaking. — The bla.sted rock as it lies on the floor of 
the excavation may vary in size from a pea to fragments several 
feet in their least dimension. In order that the larger pieces of 
rock may be loaded into skips or buckets by hand or by some 
form of excavating machinery, it often becomes necessary to 
break them up into smaller fragments. The following methods 
are used: 

1. Dropping of heavy weights. 

2. Cse of sledge hammers. 

3. Block holing. 

4. Mud capping. 

5. Undermining. 

1. The method of dropping heavy weights from a considerable 
height is practicable only when a derrick, locomotive crane, or 
cableway is available. The weight used is ordinarily a block of 
cast iron weighing about a ton. The height of the drop should 
be from 15 to 30 ft. The weight is released suddenl 3 ^ b}^ a trip 
of a friction-drum engine. This method is applicable in a 
restricted space where a denick is available. 

2. The sledge hammer is one of the oldest and simplest methods 
of breaking up rock fragments. The sledge used should be of 
such proportions that a man of average strength can wield it 
efficient^. A lighter sledge of about 12-lb. weight, used with 
rapid blows, is much more effective than one weighing 16 lb. and 
used with slow strokes. 

This method, though crude, is eflS.eient for the breaking up of 
fragments to about 1 cu. yd. in volume, and for sedimentary and 
stratified rock. Every pit gang should be supplied with sledges 
for the breaking up of the rock fragments that are too small to 
be broken up economically^ by block holing or mud capping, and 
yet are too large and unwieldy to be handled by the power 
excavator. 
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Z. Block holing is the simple application of the ordinary method 
of drilling and blasting to the breaking up of large rock frag- 
ments. The most efficient method is to drill a hole from a few 
inches to 2 ft. in depth and jilace the center charge of explosi\’'e in 
the hole. But the more common and quicker way is to drill a 
shallow hole and place a small part of the explosive on the rock 
above the hole and cover the entire charge with mud. 

This method is the most effective one for the lireaking up of 
rock larger than 1 cii. yd. in volume, and is in common use in 
open excavation work. 

4. Mud capping is probably the most popular method of 
breaking up rock, especially with the average pit or blasting 
foreman. The placing of the explosi^'e directly on the surface 
of the rock and covering it with a mud blanket is a simple but 
an expensive and uneconomical process. The resulting efficiene.v 
of the explosive is very low. 

This method should not be used except wlieai it is necessary 
to break up rapidly huge pieces of rock that are dt?la\'ing the 
operation of the excavators. 

5. The method of undermining is little used and not generally 
known. It resembles mud capping but differs essentially in 
that the explosive is under, rather than on top of, the rock. 
Where large masses of rock are piled up together, the charge of 
explosive can be placed on the upper surface of the lower frag- 
ments and thus have a bed. The same results can be attained 
by this method as by mud capping with the use of about one- 
half the amount of explosive. 

24. Subaqueous Rock Excavation. — The earliest method of 
subaqueous rock excavation consisted of the use of explosives, 
which were lowered to the surface of the rock. Ttiis method 
proved to be uncertain and unsuccessful, especially in the case 
of ledges of hard rock. Large boulders and projecting rock can 
be broken up satisfactorily by this method. In some eases a 
drop bar was used to drill holes, into which charges were placed 
in the regular way. This method was slow and ex|)ensive. 

The un watering of the surface of the rock by constructing 
cofferdams can often be used to advantage if local conditions 
warrant such construction. Economic considerations and 
experience should decide the method best suited for given 
circumstances. 
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In general, subaqueous rock breaking is accomplished by some 
form of cutting or drilling and blasting, and removal is accom- 
plished by dredging operations. 

24a. Rock Cutters. — Rock cutters consist of a heavy 
chisel provided \vith a hardened steel cutting point. The cutters 
are usually mounted on a barge, which is rigidly braced. 



Fig. 21B . — Plan view of Xiobnitz rock cutter. 


The cutter, which may weigh from 4 to 20 tons, is operated by a 
steel cable, which is attached to the top of the cutter and then 
passed over a sheave suspended in an A-frame vertically above 
the cutter, and thence to the drum of a hoisting engine. 

The operation of the cutter is similar to that of a drop-hammer 
pile driver, the fall varying from 5 to 10 ft. The impact of the 
falling point will fracture rock from 1 to 3 ft. in depth, depending 
on the nature and structure of the material. Figures 27 A and 
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27 B show the plan and elevation of a Lobnitz rock cutter. These 
cutters are sometimes termed “chisel boats.’’ 

The rock breaker has been in general use in European practice 
and is often combined with a ladder dredge. In thi.s case, several 
cutters or chisels are located in a well alongside the ladder. The 
picks or chisels are placed about 2 ft. apart and can be operated 
singly or coordinately. The buckets of the dredge are provided 
with heavy steel teeth for the removal of the rock fragments. 

245. Drill Boats. — There are three forms of drill 
boats in general use: 

1. A floating barge equipped with movable towers on whieh the drills 
are mounted. 

2. A floating barge equipped with drilling frames, which are arranged 
to lower the drills to the rock surface. 

3. A floating platform or barge equipped with tripod drills. 

The drill boat consists essentially of a barge equipped with a 
spud at each corner and carrying one or more power drills. The 
details of construction depend on the uses to which the boat is to 
be put, and especially the character of the stream — tidal or 
nontidal. 

The drilling equipment consists of power-operated drills 
which are either fixed or mounted on movable towers. The 
latter may be placed on a track and moved to any po.sition along 
the length of the boat. The use of movable towers or drill 
frames will save considerable time since it is much quicker and 
easier to move the drill frame than the drill boat. 

The drills are usually of the percussion type and are operated 
either by steam or by compressed air. Because of its economy, 
versatility, and increased performance the use of compressed air 
as a power source is increasing. Four modern submarine drills 
are shown in Fig. 28. 

In operation, the drill boat is moved into position by means 
of four cables extending out from the four corners a distance of 
300 to 500 ft. to an anchor. When the boat is in proper position, 
the spuds are lowered and the boat is raised 1 to 2 ft. in order to 
give more stability and prevent movements due to vibration of 
drills or to the tide. 

The process of rock drilling consiste of lowering the “sand 
pot,” drilling the hole, and placing the dynamite charge. The 
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sand pot is a pipe 6 to 10 in, in diameter with a hopper top. This 
is placed upon the rock, and the drill having a hollow rod is placed 
on the rock through the pipe. Water forced through the drill 
rod washes the drilled rock materials from the hole through the 
sand pot as the drills are operated. The dynamite charge is 
placed through a hollow tube lowered to the bottom of the hole. 

Drill holes vary in diameter from 1}4 to 4 in. Holes are 
spaced from 6 to 12 ft. on centers, dependent upon the type of 
rock and the depth of dredging. The dynamite charge will vary 



Fig. 2S. — Submarine drills. (Courtesy of I ngersoU-Rand Company.') 


from 1 to 3 lb. per lin. ft. of hole. Sixty per cent dynamite is 
generally used and the charge is exploded by an electric firing 
machine. 

In general, dynamite will break rock on a slope of 45 deg. 
This determines the necessary depth of drilling for a given spacing 
and required depth of dredging. For example, if holes are spaced 
10 X 10 ft. and it is required to remove rock to the 15-ft. plane, 
it would be necessary to drill 5 ft. below the 15-ft. plane in order 
to have the rock effectively broken up and economically removed 
by dredge. 
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The blasted rock is generally removed by a dipper dredge 
supplemented at times by derrick scows for the rerno\*al of large 
projecting pieces of rock, which were too large to be handled by 
the dredge. 

Field of Work . — The excavation of rock for piers, docks, sea 
walls, and similar structures, the foundations of which lie under 
water, involves the breaking up of the rock and its subsecpient 
removal. The method of breaking up depends on the nature 
of the rock. The rock cutter works most efficiently in shallow 
layers of soft, stratified rock, such as shale and sandstone. 
Hard rock, such as trap, gneiss, or granite, especially in la\'ers over 
3 ft. in thickness, can be handled more economically by the drill 
boat. 

The output of the rock breakers will vary with the local 
conditions, such as depth of water, size of cutter, and nature of 
material. In ordinary rock, such as sandstone and limestone, a 
chisel weighing about 10 tons will deliver about 150 blows per 
hour and break up about 10 cu. yd. On the Panama Canal, 
during 1910 T911, a 19-ton ram, with a drop of 5 to 14 ft., broke 
up about 35,000 cu. yd. of rock in 3,535 working hours, or at the 
rate of about 10 cu. yd. per hr. 

Rock cutters are not extensively used in American practice. 
The\^ are not so efficient as the drilling and blasting process. 

25. Wet or Subaqueous Excavation. — The excavation of earth 
and rock under water, as in the preparation of the foundations for 
docks, piers, sea walls, breakwaters, etc., can best be done by 
some type of floating excavator, if the work covers sufficient area 
and is of a sufficient magnitude to warrant it. The excavation of 
bridge piers, pits, and work of a similar type, where the area to be 
excavated is ver 3 ^ limited and the depth is great, is usualh’^ done 
by some special form or method, such as the cofferdam, the 
pneumatic caisson, and dredging through wells. These methods 
will be discussed in other chapters of this volume. It is the 
purpose of this article to deal with the construction, operation, 
and use of the common types of floating excavator: the dipper or 
bucket dredge, the clamshell or dragline dredge, the h^^draulic 
dredge, and the ladder dredge. 

25a. Dipper Dredges. — Dipper dredges are built in 
three different types, depending on the use to which they are to 
be put: (1) the narrow-hull dredge with side or bank spuds for 
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ditch excavation, (2) the narrow-hull dredge witli side floats for 
channel excavation and maintenance, and (3) the heavier, broad- 
hull dredges with vertical spuds for river and hai’lior work. 
The general features and essential parts of all three classes are 
the same and consist of the hull, the power equipment of hoisting 
engines and swinging engines, and the excavating equipment of 
A-frame, spuds, boom, and dipper or bucket. 

The proportions of a dredge depend on its working capacity. 
The hull, power equipment, and boom must all be designed 
coordinatehn In general, dipper dredges with vertical spuds 
have dipper capacities of 4 to 16 cu. yd. 



Fig, 30-- — Dipper dredge “Crest.” {Courtesy of Grrat Lakt'S Drtfhje A Dock 

Company.) 


The essential parts of a typical dredge are shown in Fig. 29. 
The dipper dredge is operated by a steam plant, and a feed-water 
heater and purification system to provide suitable boiler water. 
In the larger sizes of dredge, the swinging engine is independent 
and swdngs the boom by a fixed turntable above the deck. The 
spuds are generally operated by separate engines, one at each 
spud. 

The method of operation of a dipper dredge is similar to that of 
a steam shovel. The crew consists of an engineer, a cranesman, 
a fireman, and from two to four deck hands for each shift. 

Field of Use . — The dipper dredge is one of the most universal 
md adaptable excavators for subaqueous work. In the prepara- 
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tion of a foundation for a dock or pier, it can pull stumps or 
piles, remove boulders, bridges, and other obstructions, drive 
piling, build temporary walls or dams, and excavate all kinds of 
soil from silt to loose rock. The gi*eat thrusting and prying 
power of the dredge makes it an especially efficient machine in the 
removal of the tougher materials that cannot be handled by the 
other types of floating dredge. 

The output for a dipper dredge varies with the conditions, 
such as kind and condition of material, size and efficiency of 
dx-edge, climate, character and depth of excavation. A 4-yd. 
diedge vrill excavate from 1,500 cu. yd. of hard clay to 2,500 cu.yd. 
of soft cia 3 % under average working conditions, in an 8-hr. shift. 

The dipper dredge “Crest’’ owned by the Great Lakes Dredge 
and Dock Company is shown in Fig. 30. This dredge is powered 
by a 1,320-hp. Diesel electric motor and has a dipper capacity 
of 10 cu. yd. for rock and 16 eu. yd. for mud. 

256. Clamshell and Dragline Dredges. — Both the 
clamshell and the dragline dredge are similar to the dipper dredge. 
They consist of a hull with steam pow'er equipment, hoisting 
engines, and excavating equipment of A-frame, spuds, boom, and 
dipper. The essential difference is that these types of dredges 
do not have the dipper stick.’ ^ They therefore do not have so 
accurate control of the dipper or bucket. The bucket capacities 
vary from 1 to 10 cu. yd., loose measurement. Either type may 
be mounted on a crawler base to move over the ground surface 
wkile cariwing on subaqueous excavation adjacent to it, or on a 
barge as a floating excavator. Both types are adapted to the 
excavation of softer materials such as silt, muck, or clay. 

The clamshell bucket equipped with teeth can be utilized for 
the excavation of the softer and lighter soils, while the orange- 
peel bucket may be used for the excavation of the harder and 
denser materials, such as sand, gravel, claj?”, and loose rock. The 
orange-peel bucket is especially efficient in the removal of 
boulders, blasted rock, tree stumps, and old piling from the bed 
of a stream or channel. The long boom on a grapple dredge is 
of especial advantage in the excavation of foundations lying 
under water, but adjacent to land, on which the dredge may 
operate. 

The walking dragline shown in Fig. 16 is also used in sub- 
aqueous work on canals and other waterways. 
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26c. Hydraulic Dredge. — Hydraulic dredges may lic 
classified as to tlie method of removal and deposition of materia I . 
Seagoing dredges are large self-propelled boats equi|i|x-d witli 
hoppers and are especially constructed to excavate hard materials 
in deep water. The smaller dredges are generally' not s<df- 
propelled and dispose the excavated materials tiiroiigh a discharge 
pipe line, which is supported on pontoons and terminates on 
shore or in scows. 

The essential parts of a hydraulic or suction dredge are the^ hull, 
the centrifugal pump, the revolving cutter, and the operating 



Fig. 31-1. — Side view of hydraulic dredge. {Courtesy of Sorhom Engiuetring t u. 


machinery. Attached to the pump is the suction pipe with a 
flexible movable joint, so that the outer and lower end can be 
raised or lowered to any desired depth. At the lower end of the 
suction pipe is placed the mouthpiece, or circular hood. On the 
periphery of the hood are generally placed a series of knives, 
which form a revolving cutter. The cutter is revolved by a shaft 
and gearing and loosens up the material to be excavated, which 
in dilution is drawn up through the suction pipe. The excavated 
material, when it passes through the pump, is forced through the 
discharge pipe, which is supported on pontoons, and discharges 
into scows or out upon an area to be filled in. Figures 31 A and 
3115 show the essential parts and construction of a hydraulic 
dredge. 
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Field of Use . — The hydraulic dredge 
is the most economical machine for 
the excavation of large quantities of 
material under water that is easily 
removed and conveyed in dilution 
considerable distances. Generally the 
efficiency of this type of excavator is 
low on account of the high state of 
dilution of the excavated material. 
The solid content of the dilution may 
vary from 8 to 16 per cent. The 
maximum size of the solids largely 
determines the necessary pump size. 
The use of a stone box or of smaller 
slots to control the size particles 
entering the suction line has been 
found economical. 

The Diesel electric hydraulic dredge 
‘■^Xew Jersey ovmed by the Great 
Lakes Dredge and Dock Company is 
shovTi in Fig. 32. 

In general the life of a hydraulic 
dredge is 15 to 20 years. The chief 
factors that control the output of a 
dredge are type of material, suction 
pipe size, length and lift, size of dis- 
charge pipe and its length, and avail- 
able povrer. The output is variable. 
According to O. P. Ericksen of the 
Great Lakes Dredge and Dock Com- 
pany, under like conditions of excava- 
tion and disposal for equal time 
intervals, the output may vary as 
much as six times the quantity when 
sand and mud are being removed as 
when gravel mixed with large clam- 
shells is being removed. 


Fig. sib . — Plan view of hydraulic dredge. 
iCouriesy of Nofbom Engineering Co.) 
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25d. Ladder Dredge. — The principal feature of the 
excavating equipment is the steel ladder, which is a framework 
over which moves the bucket chain elevator. The buckets may 
have a capacity of from 3 to 15 eu. yd. each, and are placed at 
intervals of from 3 to 6 ft. along the chain. The ladder can 1;«! 
raised or lowered so that the buckets scrape the bottom and front 
of the excavation, removing and bringing up material, wiiieli i- 
deposited at the top of the ladder, upon belt conveyors or into 
hoppers. Some ladder dredges are provide<l with a hydraulic 



Fig. 32. — Hj’draulie dredge “New Jersey.” ( Con rtf .s';/ uf Grmt Lakts Urnig*. ,v 
Dock Company.) 

monitor, which is useful in the washing down of high banks. 
The ladder dredge is sometimes provided wdth several cutters 
for the breaking up of rock, previous to its removal by the buckets. 
This arrangement is very efficient in the excavation of material 
too hard for the bucket chain to handle without loosening. 

As the ladder dredge is generally a machine specially con- 
structed to meet certain requirements of removal and disposition 
of material, it is impossible to give a definite statement as to 
output. On account of its high initial cost and relatively limited 
field of use, the ladder dredge has not and probably never will 
attain the general use and popularity of the dipper dredge. It 
does have the advantage of being able to work in deeper water 
than the dipper dredge and is particularly suited to the excavation 
of sands and gravels when the excavated materials may be proc- 
essed on the same unit. 
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Field of Use , — The ladder dredge is efficient in the excavation 
of all classes of material from silt to the softer stratified rocks, in 
deep water, and over large areas where there is plenty of space 
for the maneuvering of the dredge from side to side. It cannot 
work to advantage in long narrow channels or overrestricted 
areas. 



SECTION 3 
FOUNDATIONS 

INTRODUCTION TO FOUNDATIONS 

1. GeBeraL — The art of foundation construetion is as old as 
the art of building. In the past, however, the foundation has 
been considered only as the artificial structure which ser\'ed to 
transmit the load of the structure to the soil or other supporting 
material. Foundations consist of two distinct parts: the sub- 
structure and the supporting material. The proper functioning 
of each depends upon the other and they .should therefore be 
considered as a unit. The comparatively recent application of 
the results of the study of soil mechanics to the design and con- 
struction of substructures has done much to aid in developing a 
better understanding of this problem. The beiiavior of a sup- 
porting soil mass under load is of primary importance in estimat- 
ing the relative values of various types of foundations that ma\* 
be suitable for the particular field conditions. 

Because of the many factors that control the beha\dor of soil 
under load, no definite answer can be given to a general problem. 
Each foundation is a specific problem and should be considered 
in relation to local conditions- Professor Terzaghi has repeatedly 
pointed out that soil mechanics cannot now and probably never 
will be directl^^ and indiscriminately applied to the solution of 
foundation problems. The proper interpretation and use of soil 
test data require both experience and engineering judgment. 

The function of a foundation is to support the structure and its 
live loading throughout its useful life without detrimental or 
costly damage resulting from settlement. Good engineering 
practice demands that this be accomplished economically. In 
modern practice, the failures of substructures have been few. 
In most cases where failure has occurred or where considerable 
damage has been done, the cause has been the failure of the sup- 
porting earth mass. Any structure not founded* on rock will 
settle to some appreciable extent. The problem of the modem 

83 
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foundation engineer is to determine the amount of settlement 
that can take place without damage to the structure, as well as 
the nature and the probable amount of settlement with the 
various types of foundations for the specific soil conditions. This 
is dependent upon the type of superstructure, the type of founda- 
tion, and its relation to surrounding foundations and soil char- 
acteristics. In the complete settlement analysis, soil mechanics 
plays an important part. It therefore follow^s that the final 
selection of the type of foundation should not be made until 
all the possible types have been investigated. 

2. Types of Foundations. — Foundations may be divided into 
two classes: those constructed on land and those constructed 
under water. In the first class no particular precaution need be 
taken to exclude water although a moderate amount of pumping 
may be necessary. The underwater foundation may be below 
a bod 5 " of water or below the ground-water table. Each class 
may be subdivided according to the type of the finished structure 
or to the methods used in its construction. 

Land foundations constructed in essentially dry soil may be 
classified according to the method used to distribute the load to 
the supporting soil; for example, spread foundations, mat or 
floating foundations, and pile foundations. Footings or piers 
constructed in open excavation are termed ‘‘open-w^ell” or ^‘pier’’ 
foundations. WThen foundations, piers, or footings extend below 
ground- water level and when special provisions have to be made 
to exclude water, or w'ater and soil, land cofferdams, or open or 
pneumatic caissons, are used. The methods commonly used to 
construct foundations below a body of water are similar to those 
used below the ground-water table. These include various types 
of cofferdams and of open, box, and pneumatic caissons. 

Spread footing and grillage foundations will be considered in 
Sec. 4, and foundations requiring special consideration are given 
in Sec. 6. Cofferdams, piles, and pile foundations are considered 
under separate captions in this section. 

3. Pre l i mi n a ry Investigatioii. — One of the primary problems in 
the design of substructures is the determination of the bearing 
capacity of the supporting soil. When soils of low bearing 
capacity, high permeability, or high cohesion are expected, a 
knowledge of ©oil structure and moisture conditions is essential. 
Subsurface investigatiott is therefore valuable. Lack of knowl- 
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edge of subsurface conditions has proved very costly in many 
instances. This is due to reluctance on the part of owners to 
expend the funds necessary for adequate preliminary investiga- 
tions. Although all the uncertainties may not Ix^ elimiiiated by 
subsurface exploration and study, they can be greatly reduced. 
The owner should assume the responsibility. Otherwise the con- 
tractor is forced to gamble. This, in the final analysis, may be 
even more costly to the owner. 

Substructures should be designed for the particular soil condi- 
tions at the site. Before the foundation is designed, a systematic 
investigation of subsurface conditions and the location of rock 



Gage reading in lb. per sq. in. 


Character of soi/ s ^/7e/ and Jt>ou/ders 
Depth bejow curb: 20 


I?emarks ; Sef/^/emerd under d /uns per , 

Fig. 1. — Record of soil test made under direction of Bureau of Buildings of 
Manhattan, New York City. 

should be made. Complete records showing the character and 
extent of materials encountered should be made. Adequate and 
properly cared-for samples should be taken at suitable intervals. 
These samples should be tested and the results evaluated to 
determine the probable settlement under the proposed founda- 
tion loading. 

4. Bearing Power of Soils. — ^The bearing capacity" of a soil 
may be defined as the maximum load that it will support without 
producing progressive or detrimental settlement. Except for 
hard rock, cemented gravel, or hard dry clay, knowing the name 
and class of material in advance of tests does not help much. 
Assigning bearing values merely by name is very dangerous. 
The results of field tests made under the direction of the N 
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York Bureau of Buildings are shown in Fig. 1. Such tests, if 
carefully conducted, furnish valuable information. When sup- 
plemented by laboratory tests on soil samples, a more reasonable 
and a safer value for the allowable bearing capacity may be 
determined. 

The bearing values used should have some relation to the 
allowable settlement which will not damage the superstructure. 

COFFERDAMS! 

6. Types of Cofferdams. — A cofferdam is a temporary struc- 
ture used to exclude water or earth and water from a specific area. 
The area is enclosed by the structure. Then the water or water 
and soil within it are removed. The chief purpose of the struc- 
ture is to uncover an area at a desired elevation and to maintain 
it in such a condition that the work planned may be carried on 
within it. When these structures are used in subaqueous work, 
they are termed ^Svater cofferdams,’’ and when they are used in 
soil excavations carried below ground-water level, they are 
termed “land cofferdams.” 

There are four primary^ requirements of a cofferdam. It 
must be sufficiently strong to resist the external forces of water 
and earth pressure and of shock due to the impact of floating 
objects. It must ha^'e sufficient flexibility to enable it to pass 
obstructions during the sinking process ■^vuthout damage to the 
structure. It must be watertight to a degree that is consistent 
with stability and the job requirements. The cost including 
maintenance, water pumping, and removal, minus the salvage, 
should be a minimum. 

In practice there are many types of cofferdams. Some of 
these have, through long use, become somewhat standard. 
However, the ty’pe of cofferdam finally^ selected is dependent upon 
the site conditions. To secure stability^ and to satisfy the time 
or economic requirements many’' changes in both types and meth- 
ods of construction are found in practice. 

The more common ty^pes of water cofferdams used under 
various conditions may be classified as earth embankment or 
dike, puddle cofferdams, rock dike or rock fill, rock-fiU cribs, and 
steel sheet pile cells. 

! See also discussioDi of sheet pfiee, p- 2(^. 
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6. Soil Pressure on Cofferdams. — Since cofferdams are iisiially 
of large area and depths the pressure of the s<iii on their walh 
constitutes a very considerable factor in their design and a 
short discussion will therefore Ije given, relating to the ]>ressiire 
of dry and water-bearing soils against colYertlanis or otlier 



If in Fig. 2 we assume that AO is the braced wall of a trench 
or cofferdam, and that if it is removed, the normally dr\- saiiii 
behind it will slide awa\’ to the line or plane OC, then OC is the 
line or plane of repose of this soil. If then the face AO is restored 
and the area AOC is again back- 
filled, it is undoubtedly true that 
no soil below OC can exert any 
pressure on AO^ but that all of the 
soil in the area AOCj being re- 
strained from sliding by the wall, 
does exert some pressure on it. If 
the boards A-1, 1-2, 2-3, etc., are 
removed, one at a time, the areas 
or volumes above the slope line at 
these points tend to slide away, 
and therefore before removal must 
exert pre^ure proportional to their areas. With the boards 
or wall in place, the tendency of the soil is, normally, to 
move toward the operating face when some small movement 
or leakage is probably occurring. When a sufficient depth 
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has been reached, as A-4 (Fig. 3), the soil tends to establish 
itself by forming a natural arch between JL-4 and CG. If, for 
instance, the line or surface A-D-G (Fig. 3) should be lagged and 
attached to the mass by bolts bearing through large washers on 
the surface, all the soil below 4r-D-G could undoubtedly, and 
with perfect safety, be removed, the soil arching between A-A 
and CG. 

The soil pressure per linear foot of face on *4-1 (Fig. 2) may 
be determined by multiplying the volume represented by the 
area T-1-6 by the weight of the soil per cubic foot and dividing 
by the tangent of the angle of repose (<^>). In a like manner the 



soil pressure on 1-2 may be determined by considering the area 
1-6-7-2. The point of application of the pressure coming from 
each of these areas is where a line, parallel to the plane of repose 
and passing through the center of gravity, intersects the vertical 
face or wall. 

The assumption is arbitrarily made that the line BO bisects the 
angle between the angle of repose and the vertical and therefore 
that all the soil in the area above presses against the wall and all 
below rests on the plane of repose. The actual determination of 
just where and what this line is has not been made, nor can it be 
except by experiments on a large scale, but it probably is not far 
from correct to assume it as noted. In any case it is believed 
that the error, if any, will be on the side of safety. 
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By determining the pressure for each area previously referred 
to (*4-1-6, 1-6-7-2-, etc.. Fig. 2) and plotting each result to the 
left of its point of application, a graphical cur\'e of pressure is 
developed, as shown in Fig. 4, with its maximum thrust at a 
point slightly above the middle of the vertical wall. 

Coming now to the question of the pressure of water and of 
aqueous or water-bearing soils, the pressure curve for water can 
first be plotted, as in Fig. 5, where AO is the wall of a cofferdam 
restraining water and AB is the graphical line of pressure, the 
pressure at O being represented by the horizontal ordinate OB. 



Since water weighs only 62f2 Ih. and the weight of earth is 
appro.ximately 90 lb. per cu. ft., the point C is located, in which 
OC is approximately' 70 per cent of OB, *4C being the relative 
pressure curve. If then, from Fig. 4, the curve *4-1-2-3-10- 
13-0 is reproduced, the relative pressures of normally dry soil 
and of water are shown relatively and to the same scale. 

In the case of semiaqueous or water-bearing soils — i.e., 
where the voids of the soil are wholly filled with water which 
may be expelled by pumping, drainage, or air pressure — the 
pressures of the soil and wrater while acting in unison are wholly 
distinct. It is not correct to assume that the full pressure of the 
w'ater is exerted plus the full pressure of the soil measured by its 
weight in water; nor is it correct to assume that the pressure is 
due to that of an aqueous mass of a specific p^vity equal to the 
weight of a volume of the sand and water together. 
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It would appear, then, that as long as there is no movement of 
the w’ater sufficient to cause hydraulic action or erosion of the 
soil, the presence of the water does not change its pressure 
effort, except to a relativeh' small degi*ee in its cohesive element 
and also in reducing its pressure-weight element by the amount 
of its added buoyancy. If, however, it is realized that soil and 
water cannot produce pressure over the same area at the same 
time, it can be assumed that some areas of soil must be in contact 
with the wall and lead back through somewhat tortuous areas 
(which may be considered equivalent to solid columns) to 
beyond the pressure areas, and that between these areas are 
leads or areas of water giving full pressure equivalent to the 
hydrostatic head of each over this reduced area. Under this 
assumption the loss of weight of the soil due to the water is dis- 
regarded and the combined pressure is that of the soil of full 
weight as if normally dry, plus the water pressure acting through 
the voids of the soil. If it is assumed that these voids for 
safety are 50 per cent, then the intensity of pressure at any 
depth is represented by the horizontal distance between AO and 
AGH in Fig. 5. OD is made 50 per cent of OC, and AD is the 
curve or line of pressure due to the water in the soil. A -1-2-3- 
10-13-0, as noted, measures the soil pressure. plotting EA 

equal to 7-4, F-2 equal to 8-5, etc., the curve of combined pressure 
A-E-F-G-J-H is obtained. When the water is above or below 
the surface of the soil, the pressure curves may be separately 
plotted and combined as above. 

The fallacy of attempting to measure the pressure of soils or 
the combined pressure of water and soil on cofferdam walls by 
means of gages through the walls should be apparent to anyone 
who realizes that in normally drj’- soils, areas as large as 1 ft. 
square may be frequently left or cut in the sheeting without any 
danger or any pressure being noticed, even though the braces 
and rangers over the whole area are under heavy stress. It is 
also true that the bottom plank of a horizontally sheeted trench 
in normally dry sod may be placed or removed without showing 
pressure stress. This may even be done in soils of firm sand 
or gravel where there is a seepage of water not sufficient to cause 
erosion. On the other hand, in aqueous soils such as stiff plastic 
clays, the gage may show a much larger pressure per area owing 
to the blanketlike action of the clay. In firm, sandy, or gravelly 
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soils, as just noted, the gage will ordinarily sliow water pre-snre 
due to the full hydrostatic head and \-ery little elsi\ llii‘ iuily 
possible way to measure these pressures cfjrrectly is by apijaratiis 
that will give the pressure on the whole area, as of a tunnel 
roof or the entire wall of a cofferdam. Until this is done on a 
scale sufficiently large to be conclusive, all earth pressure formulas 
will be largely theoretical instead of empirical or practical. 

7, Hydrodjmamics of Cofferdams. — In practice, cofferdams 
are not made watertight. A certain amount of leakage is 
expected and allowed. The cofferdam, in general, will l>e con- 
sidered a success if it does not collapse and dws not admit 
water faster than it can be pumped out or fast enough to caii-^e 
“boils^^ within the structure. The danger of ‘ri>oii*’ and the 
possible resulting instability can be determined !\v a study of the 
seepage conditions- From a scientific point of view , the only 
satisfactory method of seepage study is the use of the flow net. 
The graphic flow- net method w'hich was developed by Foreh- 
heimer, Terzaghi, Schaffernak, Casagrande, and others is a 
valuable tool in this w'ork. It offers a method that is free from 
complicated details and has been proved by experience and test 
to be applicable to tw’o-dimensional problems for steady laminar 
flow. Predictions of quantity, velocity, direction of flow, and 
seepage pressures may, by this method, be made with sufficient 
accuracy for direct application to design and construction. Thus 
a material reduction in cost may be effected. 

8. Earth Cofferdams. — The earth embankment or earth dike 
cofferdam is the oldest and the simplest of all types used. Its 
use is, however, limited to shallow water having a low velocity 
of current. These dams have been successfully used for a depth 
of 4 to 5 ft. According to Fowder^ the maximum economic 
depth is 6 to 7 ft. and the maximum possible depth is 8 to 10 ft. 
The side slopes used should con-espond to the natural slope of 
the embankment material and the material should be a mixture 
of sand and clay to control ^permeability. When impervious 
materials are not easily obtainable, a core w’all is sometimes used. 
These structures become unstable if overtopped. 

To provide security against erosion, earth embankment 
cofferdams are sometimes protected by a single roiv of w^ood or 
steel sheet piling when exposed to flowing water. 

EngineeriTig and Mar. 2S, 19551. 
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9. Puddle Cofferdams. — A puddle cofferdam consists of 
double rows of wood or steel sheet piling tied together and the 
space between the walls being filled with puddle. The piling 
may be supported on guide piles and wales. The guide piles 
spaced 6 to 8 ft. apart are driven deeper than the sheeting and 
are sometimes reinforced by spur or batter piles. The distance 

r 1 


Fig. 6 . — Ohio River type cofferdam at Wheeler Dam. 

between the rows of sheet piling is a function of the depth of 
water and the depth of penetration. 

This type of cofferdam is suitable for depths over 20 ft. For 
veiy great depths, the walls must be correspondingly farther 
apart and are generally braced by bulkheads, thus forming cells. 

For unbraced cofferdams, Jacoby and Davis^ give the following 
rule, ‘^make the width equal to the height above the ground up 

^ H. S. Jacoby and BL T. Davis, “Foundations of Bridges and Buildings,’' 
3d ed. p. 244, McGraw-Hill Book Company, Inc., New York, 1941. 
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to 10 feet and for greater heights make it 10 feet plus ^ 3 of the 
height in excess of ten feet.’’ 

A special type of wood sheet pile cofferdam was dereloix^d for 
use on the Onio iti^er and is known as the Oliio or Iwx tvfx^ 
Flexible wood frames are built on barges and dropf>ed into place 
from the barge by a continuous proces.s like a chain and cable. 
Sheet piling, usually wood, is then driven on each side of the 
frame and the filling material is placed. Thes(^ dams are partieu- 
larb’' suitable on a rock floor where no erosion problem exists. 
They are economical for depths of 15 to 20 ft. where low velocities 
exist during the period of construction. A dam of this type is 
shown in Fig. 6. By the use of a berm on the inside, this type 
may also be used on soft bottoms. 

10 . Rock-fill Cofferdams. — Essentially, the rock-fill cofferdam 
is a rock dike or embankment which is made watertight by a 
layer of impervious earth placed on the water side. This earth 
mat should also be protected against wave action at the water 
surface. Timber mats have been successfully used for this 
purpose. 

This type of cofferdam has the advantage of low initial cost, 
provided sufficient rock is available at the site. It can be placed 
in comparatively swift water. Careful consideration shcmld. 
however, be given to obtaining an effective seal. Leaks are 
difficult to locate and seal. They may cause delay and expense 
in dewatering, which would offset the economies of initial cost. 

11 . Rock-filled Cribs. — The rock-filled crib cofferdam is 
particularly well suited to placement in swift water and where 
overtopping may occur. This cofferdam is further particularly 
adaptable to rock bottom. The cribs are designed for internal 
bursting presscire due to the rock fill. To ensure against sliding 
and overturning, the width is taken ecjual to the height of water 
to be supported. The bottoms are made to fit the river bottom 
contours as determined by soundings. The crib base is usually 
built on shore or on barges and sunk at the site by further build- 
ing up of the top. In some cases, chambers or cells for rock fill 
may be provided to aid in sinking. Where the current is swift, 
the cribs should be anchored. This is done by the use of cables 
to shoi^ or other rock-filled cribs. 

To provide watertightness, similar chambers or cells may be 
lined with vertical sheeting and filled with earth or sand-clay 
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mixtures. When the crib is exposed to veiy turbulent water, the 
outside may be covered b 3 " two laj^ers of well-fitted planking. In 
cases where there is no danger of scour, sufficient watertightness 
may be obtained by an earth fill on the water side. The bottoms 
are sometimes sealed bj^ using a hea\y bituminized canvas nailed 
to the crib, spread on the stream bottom, and anchored by means 
of stone and sand. - 

Rock-filled cribs may be placed in double rows and the space 
between them filled with imper^fious material. This method is 



Fig. 7. — Inside-rock-filled crib cofferdam at Bonneville Dam. 


particularly" suited to rough bottoms with varyfing depths of 
water and high velocity. 

One of the most important crib cofferdams recent^ used w"as 
built at the Bonneville Dam and is shown in Fig. 7. These 
cribs were 61 ft. in mdth and were designed for a maximum 
height of 63 ft. Chambers for rock fill were provided and a 
single row of steel sheet piling driven on the river side provided 
watertightness- It also served as a seepage cutoff wall. The 
cribs were placed in water having a velocity of about 7 m.p.h., 
and a depth varying from 30 to 50 ft. 

12. Steel Sheet Pile Cells, — ^The details of steel sheet piling 
will be g;iven under a separate caption at the end of this section. 
Certain u^ of both wood and steel sheet piles in the construction 
of various typ^ of cofferdams have already been pointed out. 
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Cellular steel sheet pile eofferdiims ma\' eltis, billed us rlie 

diai)hrusm type and the eireular cell ty|x.‘. 

The diaphragm t3i>e consists of a series of ar(*s eoniieeted }iy 
straight diaphragm walls or a series of conrnuaed hays. The 
circular cell type is made up of a series of coni|)h*te circles con- 
nected arcs, each having a radius of approxiiiiateh' S ft. In 
both tj'pes the spaces enclosed are filled with earth. Both ti pes 
are used preferabty where the area of the foundation is large and 



Fig. S- — Deep cofferdam for George Washiogtou Bridge pier. 


where a considerable percentage of the depth is through water 
alone. 

For deep cofferdams that must go to rock, steel sheet piling 
in single or in spliced lengths be driven when guided by 
frames supported on guide piles in either circular or rectangular 
form and then braced with steel frames. Bracing usualty con- 
sists of framed I-beam cages or rings, which are lowered into 
place. Placing this bracing is a difficult job since it mxist be 
done in the water prior to pumping. Excavation is sometimes 
carried on with clamshell buckets. The rock bottom must be 
prepared by divers. Concrete for sealing is placed by the 
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tremie method to some predetermined elevation after which the 
cofferdam is dewatered. The remaining concrete is placed and 
construction carried on in the open. The sheet piling is 
pulled after the completion of the structure. All bracing below 
the section of tremie concrete must be left in place and, like- 
wise, any bracing passing through the finished pier above this 
elevation is left in place. IXIuch progress has been made in 
recent years in this type of construction. 

8 shows an unusual cellular sheet pile cofferdam of great 
depth Used in the construction of the foundations for the George 
Washington Bridge. Timber was used for internal bracing. 



Fig. 9.^ Cofferdam for tiie U. S. Government ship lock at Black Rock Harbor, 
Buffalo, N. Y. 


A notable and one of the first examples of the diaphragm type 
was that used at Black Rock Harbor, Buffalo, New’ York, for the 
construction of a ship lock. Interlocking steel sheet piling was 
dxiven to conform to a plan of continuous connected bays as 
showm in Fig. 9. 

The tw’o important factors in the stability of cofferdams of 
this type are the inw’ard pressure of the soil on the wall and the 
pressure of the natural or filled soil in the bays against the inner 
nng of piling. The outside pressure is measured by the stress 
already given for water and soil, and the wall is made 
-^ntly thick to resist by its own weight or inertia the tend- 
ency of th^ stress^ to strain or distort it. The pressure of the 
(and water contained in the voids of the soil) in the bays is 
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measured in the same way as noted, but the inner ring of sheet 
piling should be considered in resisting tliese stresses, as the caliies 
of a horizontal suspension bridge, and a specially designed or 
tested type of piling should be used in which the strength at the 
interlock is sufficient to resist the jaw puli. If this 
inside ring of piling is driven with a heil>' of 10 
cent of its length between cross walls, its resistance 
will of course be greater and more readily calculated 
than if driven “flat/' 

A specially designed and tested type of tliree-way 
pile should be driven at the end of each «*ross wall 
(see Fig. 10). The closures in each case are made 
by using specially designed closure piles or by design- 
ing the closure to be made at the back of each bay 
(when special care is not so requisite) and by setting 
the last several piles to close, before driving. 

The walls were made up of sheet piling driven in square sets 
or bays — each 30 X 30 ft. The piling was driven to rock, and 
the bays, above the normal bottom, were back filled with dredged 
soil. "VMien unwatering was begun, the inside sheet piling face 
of each bay bellied more than 3 ft., and some alarm was at first 
felt for the stability of the structure. Under these conditions, 
however, the piling (with this belly) formed the equivalent of a 
horizontal suspension cable, and the strength at the jaw was found 
by tests to be more than sufficient to resist the stress due to the 
pressure of the soil contained in the bays. After a series of com- 
parative tests of fi\"e types of sheet piling, 12-in., 40-lb. Lacka- 
wanna piling with a tested strength at the jaw of over 9,000 Ib. 
per lin. in. was used in the cofferdam described. 

Another interesting and unique t>T>e of braced wall cofferdam, 
also not entirely covered in any of the classes described, was that 
developed at the Staten Island end of the Narrows Siphon in 
New York City. In this a trench having a maximum depth of 
about 55 ft. and an approximate width of 19 ft. was sheet -piled, 
braced, and excavated in the bottom of the Narrows without 
unwatering. The walls were of steel sheet piling driven to form 
horizontal suspension members beU3dng some 2 ft. inwardly 
between master piles spaeed about 15 ft. apart longitudinally 
and about 65 ft. long. As the excavation progr^ed by dredging, 
the 19-ft. trench between the master pil^ was braced by divers. 
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It is interesting xo note that when the grade was reached, a 
trench was built, also by divers, and the pipes for the siphon 
were loaded on cars at the land end and run into place and caulked 
by the same divers. U.S. Steel piling (I 2 J 2 in., 38 lb.) was 
used between the master piles in this work. As this structure 
was not unwatered, and as the soil back of the trench was of firm 
sand which would tend to stand up well when not subject to 
erosion, it is not probable that there was sufficient pressure to 
stress the jaws of the piling heavily, although it was found in two 
or three cases that the jaws had pulled apart at or near the bottom 



Fig. 11. — Cofferdam for lock construction at Pickwick Landing Dam. 

due to the hea\^" driving with a 7,500-lb. IMcKiernan-Terry 
hammer through unusually hard soil including riprap and 
boulders. 

The first use of the circular cell type of cofferdam w^as in raising 
the JMaine in Havana Harbor. The piling was driven in the form 
of continuous figure eights in bays to form the walls. The piling 
did not go to rock but to a depth in the harbor sufficient to prevent 
the inflow underneath it of soil during the process of unwatering 
and excavating for the skeleton of the Maine. The figure-eight 
section of wall is not believed to be so stable as the type shown 
in Fig. 10, which was used in the Black Rock cofferdam at 
Buffalo. 

The circular cell cofferdam has an advantage over the dia- 
phragm type in that each cell may be filled when completed 
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’Vidthoiit undue distortion resulting. However, it requires more 
material for its construction. 

The circular cell cofferdam used in the lock construction at 
the Pickwick Landing Dam of the Tennessee Valley Authority^ 
is shown in Fig. 11. 

Figure 12 shows thf^ circular cell cofferdam under construction 
at Valhalla, New York, for the Board of Water Supply, City of 
New York. 

13. Land Cofferdams. — ^The temporary structure or bracing 
used to retain soil in an excavation carried below ground water is 
termed a ‘'land” cofferdam. Small self-contained structures 
serving this purpose are sometimes called cofferdams but when 
left in place are really caissons. 

The simplest type of land cofferdam is an earth dike. Details 
of such a cofferdam used in a deep e.xcavation and ground-water 
lowering at Atlantic City is given in Sec. 6. 

In this operation the walls or protection were simply the 
natural slopes of the underhung soil, no sheeting, sheet piling, or 
other protection being used. The water was lowered progres- 
sively and held below the excavation requirements by a con- 
siderable number of well points, and the excavation was made 
by one high-power jet and two hydraulic dredges. This operation 
can be carried out successfully only in sandy soil which is free 
from a large percentage of clay or loam or large gravel. 

Although the ordinary open trench is not, strictly speaking, a 
cofferdam, it often happens in large operations that the founda- 
tions of structures lie below the water line where the water is 
easilj^ controlled b 3 " pumping, and ordinary sheeting and bracing 
may be used. In such cases rangers backed by light waling 
pieces are first laid in position in as deep an excavation as it is 
reasonable to make without protection, and ordinary sheeting 
planks (preferably 2-in.) are set and driven as the excavation 
proceeds, being well braced at the start to ensure being driven 
plumb. If the soil is granular and easily unwatered, this plain 
sheeting may be used to the bottom. If, however, the soil is 
aqueous or plastic, light tongue-and-groove wooden sheet piling 
should be used, being driven in the same way as plain sheeting. 
Each set of sheeting (usually in 12- to 16-ft. lengths) is stepped in 
so that the last ranger of the upper set becomes the waling piece 

^ En§.f VoL 9, p. 651, September, 
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of the next lower set. Short vertical i>ieees are in <jr driven 
under the braces, in ordinary operations. Where it is neceNsary 
to ensure absolute tightness in the slieeting, tlie uppt r rangers 
should be set with the braces bearing against inside wal< s liloeked 
out from the rangers, the blocking being split out as the sheeting 
is set and driven. 

The pumping is done from a tight sump, preferably of sheet 
piling and circular in section. The water should flow or seep to 
this sump over its top where it can be watched and controlled, 
rather than through or under it, and the sump sliould be lowered 
as the work progresses. 

This general type of cofferdam t^ith braced walls also covers 
the method of driving interlocking ste«.d or tongue-arid-groove 
wood piling which is preferably driven in one continuous or 
spliced length and therefore does not require any offset ring. 

In cofferdams or trenches of this type the Xiilirig is usually 
pulled as (or after) the structure is placed and baekfiiled. Tlie 
pumping or un watering and the placing of the foundation are 
carried forward as heretofore described. 

14. Pit Sinking. — The simplest type or method of w ell sinking 
is the old well-digger’s method. This consisted of exca^’ating a 
square pit (about 6 X 6 ft.) as far as possible ahead of the protec- 
tion, which was made of small tree trunks split or solid — those 
in the north and south ends alternating with those in the east 
and west walls, first as braces and then as rangers. "lITien w'ater 
was reached, bailing w’as resorted to and the method continued as 
long as was consistent with safety. After this, if it tvas necessary 
to go deeper, a square set of sheeting was set up and by driving 
this sheeting ahead of or with the excavation, the excavation 
was usually completed with safety, and was then walled up wdth 
dry rubble. 

Contractors, more particularly those operating in low^er Xew’ 
York, have adapted these methods of pit sinking from those of 
the well diggers, and, in connection with subw^ay w’ork in Xew- 
York City, many thousand pits have been sunx in order to extend 
or deepen the foundations of buildings to be underpinned. 

Briefly, the operations consist in excavating below- the last set 
or ring for placing a new set. Ordinary 2 X 8-in. rough board 
sheeting is used and the pits average B ft. square, the board 
lengths being alternately 5 ft. and 5 ft. 4 in. The north and 
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south sides alternately brace or are braced b^^ the east and west 
sides as noted. The secret of both success and economy of 
operation by this method is in keeping the sheeting tight and 
well backed, and seeing that no voids or loose ground are left 
behind. For this reason the work should be entrusted to skilled 
workmen only, or men who have been properly instructed. 
■WTien this is assured the method is safe, rapid, and economical. 

One of the most common methods of protecting pits during 
excavation consists in driving 2-in. sheeting in short lengths of 
from 5 to 7 ft., through square sets, consisting of alternating 
rangers and braces backed by wales. The sheeting is driven with 



Fig. 13. — Telescoped sheet-pile cofierdam, Tuiikhannoek Viaduct. 


outward inclination sufficient to clear the next set. This method 
creates and leaves a ver>' unsatisfactory condition at the corners, 
due to this outward inclination of the sides, wffiieh is usually 
eared for by makeshifts, as salt hay, or short light planking set in 
as a horizontal backing, or both. When the pit is sufficiently 
shallow' to admit of driving sheeting or interlocking sheet piling 
for the full length in one set, very satisfactory results may be 
obtained by this method, even w'here water is present in the soil 
to a considerable extent- In the latter ease, in water-bearing 
material, interlocking steel sheet piling gives better results than 
wood owing to the tendency of the latter to separate at the 
comers. The pit may be of square or preferably of round cross 
section. In this connection it may be w’^ell to note the difference 
between the terms "‘^sheeting’’ and “sheet piling’^' as used here. 
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Sheet piling defines the tongiie-aiid-groove worni or liitorhjrkhig 
steel types driven entirely in advanc'e of the exetiviitii'in, wliile^ 
l;)y sheeting is meant plain board or steel prote<.*tioii set in or 
driven as the exeax^atioii proceeds. 

The telescox-jed steel sheet pile cofferdam, shown in Fig. 13. 
was used in the construction of the Tunkhaniiock Madnct for the 
Deiatvare and Lackawanna Railroad. The total df*prh of exca\'a- 
tion was approximately 75 ft. Each row of piling extended for 
about one-half the total depth of exeavation. Tlie outer row 
was placed from the ground surface to alKait half fl* |>t!i and the 
inner row from half to full depth. In pia<‘ing. the inner row was 
first driven, excavated, and braced. Then the outside !-ow wa-r 
driven and the material between it and the inner r«.ov was exc'U- 
vated. The inner row was then driven To the <iesire<i de|3rh as 
excavation and bracing proceedt‘d. 

The horizontal wood sheeting with bracing was in >uh- 

way construction in Xew York in 1914 and is de-erilied h\- White 
and Prentis.^ The horizontid sheeting was sup|)ort('d on \voo*l 
beams. Steel H-beams and concrete piles were also used. The 
sheeting is placed as the cut is deepened and should Ije tight!}' 
packed through slots left between the {blanks. Stind sheets and 
concrete planks have been used to re}>lace wood sheeting. These 
materials present problems of handling and fit ting. 'When used 
in very wet soil with comparatively high perinea !:*ility, a berm 
and drainage ditch should be provided on the inside. The berm 
will aid in keeping the soil mass from becoming “•quick" and the 
draining ditch will aid in the arrangement of pum|>ing equipment. 

15. Deep Pits or Wells. — In .sinking de^ep pits or wells, various 
methods, each suitable for certain soil conditions, have been 
developed in various sections of the country. In permeable soils 
the preceding methods are applicable. Ify however, clay is 
encountered, the methods used will depend upon the stiffness 
of the clay, w'hich in turn is a function of the water content. 

Caissons will be considered on page 107. A distinction 
between a cofferdam and a caisson may be made by considering 
that a cofferdam is not a permanent part of the finished structure 
while the caisson becomes an integral part of the permanent 
structure. The cak^n does, however, act as a cofferdam during 
the sinking process, 

1 Lazakxjs White mmd E. A. PitENns, 'C^offerdaias/' 1st ed., p. 7^. 
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A process known as the Chicago method — sometimes termed 
both the Chicago open caisson” and the Chicago well” 
process — is shown in Fig. 14. This method consists of excavat- 
ing in open pits, circular in cross section, in lifts up to 6 ft. and of 
placing lagging, usually 3 in. thick, which is held by braced 

interior iron hoops or wood 
frames, depending upon the 
depth. The usual diameter 
varies from 4 to 10 ft. depend- 
ing upon the load. This pro- 
cess is suitable for penetrating 
stiff claj's and has been widely 
used. The concrete is usually 
placed bottom drop buckets. 
A notable example is found in 
the pier foundations of the 
Cleveland Terminal building, 
which reach a depth of 250 ft. 
below the street level. 

'^’hen the clay is too soft to 
permit excavation before plac- 
ing the lagging, the Chicago 
method should be modified. 

Fio. i4.-Chicago-type well shaft. Conditions permit, bor- 

ing machines using spud drills may be used. 

Where self-contained cylinders or squares can be used, and 
sunk in one length, or as built up, it is usually cheaper and more 
satisfactory^ to use them. They^ may be of steel or concrete, or a 
combination of the two. 

Very satisfactory^ results have been obtained, especially in 
lower New York City’*, in dri\mg steel cyhnders in one or more 
short lengths in the bottom of an excavation or pit, below which 
ground water is present. Since these cylinders remain as a 
permanent part of the foundation, they are, according to defini- 
tion, caissons and will be considered under that caption. 

In Boston, the Gow pile, shown in Fig. 15, has been widely 
used to penetrate soft clays and sands overlying hard clay or 
cemented gravel. This pile is really a caisson- 

16. Movable Cofferdams. — Where conditions are such that a 
cofferdam or a part of it may be used over again, it noay be 
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termed a ^‘movable cofferdam.*^ The sides and ends ma3* be 
made of braced sections held together by rods mniiiiig tliroiigh 
the walls. They may l>e used open-ended or may have a bottom. 
These are often used in grillage foundations or foundations sup- 
ported on piles. In the first case a layer of concrete be 

placed in the bottom. The cofferdam is dewatered and the pier 



or other permanent structure built. The sides are then released 
and float free for reuse. Where the bottoms are used^ these 
remain as a part of the permanent structure. 

17. Removing Cofferdams. — Both steel sheet and wood piling 
may be used more than once, provided that care in driving has 
been exercised and that they are not driven too deep. Special 
rigging may be aixanged to produce a pull of 25 to 50 tons. This 
is generally suitable for i^ireliilly driven pilmg, moderate in 
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length. For greater lengths pile extractors or special pulling 
rigs should be used. It is sometimes necessary to develop a 
pull of 225 tons. The pulling of long steel sheet piling should be 
carefully done to avoid damage to the interlocks. Such damage 
would of course render the piling useless. 

A pile extractor manufactured by ]McIOernan-Terry Corpora- 
tion is shown in Fig. 16 withdrawing heavy steel sheet piling. 



Fig. 16 . — Pile extractor. 


This piling had been driven to a penetration of 75 ft. and was 
bonded to concrete for a length of 35 ft. on one side. An inverted 
steam hammer used to pull piling is shown in Fig, 17. 

In cases where piling cannot be pulled, it may be either cut 
off or bent over and allowed to remain on the stream bed, pro- 
vided it does not interfere with navigation. The cofferdam sheet 
piles used in the construction of the Marine Parkway Bridge 
crossing Jamaica Bay, Long Island, New York, were cut off at 
the level of the pier base. The pier base was about 30 ft. below 
water level. The pil^ were cut by a diver operating an acetylene 
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torch. The piling below the pier base wa.s left as a protect ion 

against scour. 



Fig. 17. — Inverted pile hammer. 


CAISSONS 

Open Caissons 

18 . General. — A caisson is a structure used for the purpose of 
placing a foundation in position. It differs from, a cofferdam in 
that it becomes an integral part of the permanent structure. 
However^ in the sinking process and during the construction 
period the caisson has the function of a cofferdam. 
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Caissons are divided into three general types: box, open, and 
pneumatic. These types may be designated as timber, metal, or 
concrete, dependent upon the materials used in their construc- 
tion. Further details of construction and use vdll be given 
under separate captions. 

19. Box Caisson. — A box caisson is a watertight box having a 
bottom but no top. Box caissons are built of timber and rein- 
forced concrete. The concrete, because of its weight, aids in 
sinking and furthermore is immune to the action of the wood 
borer. This type of caisson is suitable where no excavation is 
necessary and is therefore often used in the construction of break- 
waters, jetties; wharves, and piers for light bridges. The cais- 
sons are constructed on shore, floated to the site, and sunk to 
rest upon the stream bed or on piles. 

20. Open Caissons. — An open caisson is a self-contained box 
structure made of timber, metal, or concrete and may be wholly 
or partly open at both top and bottom. Open caissons may be 
divided into three types: the single-wall rectangular caisson, the 
cylindrical caisson, and the dredging well caisson. 

These structures are sunk by dredging out the enclosed 
material. The use of removable weights and water jets aids in 
the sinking process. They can be sunk more rapidly and eco- 
nomically than the pneumatic caisson and have the advantage 
that work ma 3 ’' be carried on at atmospheric pressure. The 
preparation of the bottom should be done hy divers and the 
concrete seal should be placed under water. 

This type of caisson has been used for years in subaqueous 
work and has in recent j^ears come into general favor for heavy 
building foundations, especially for great depths in wet ground. 
However, it cannot always be used because of material from the 
outside running into the excavation. 

21. Depth to Which Open Caissons May Be Sunk. — ^Theo- 
retieallj^ there is no limit to the depth to which an open caisson 
may be sunk. The world record for depth of bridge caissons 
was attained in the construction of the San Francisco— Oakland 
Bridge crossing the west channel. These caissons were developed 
by the late Daniel E. Moran and were cellular structures having 
vertical steel cylinders as dredging weUs. The cylinders were 
capped with removable steel domes and were equipped with 
removable false bottoms. CJoncrete wa^ placed at a mflyimnirt 
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depth of 242 ft. beiow the sea level. Figure IS sliows u eaisson 
being lowered. 

22. Metal Caissons. — In American practice, steel i> ii>c*d 
almost exclusively for metal caisson construction. Its tuivaii- 
tage over both timber and concrete is in its greater strength. 
A more watertight structure is produced and les.s fricti<>iiai 
resistance is developed during the sinking process. IMetiil 
caissons may be rectangular, .square, or cylindrical in cross 
section. In the latter case they are termed “cylinder caissons'' 
and are used extensively for both brifiges and Unhiding founda- 



tions. Steel cylinder caissons are usually built in sections. 
These sections are ordinarily in lengths of from 2 to 6 ft. and 
made up of steel from No. 12 gage to J 2 in- in thickness, accord- 
ing to the requirements, and from 9 to 50 in. or more in diam- 
eter. They are connected b^^ an overlapping inside ring of 
steel or by special inside collars of steel or cast iron. They are 
driven by a winch-actuated hammer or by a hydraulic pump 
(if reaction may be had) actuating independent rams; they are 
cleaned out, as the work progresses, by augers, scoops, or more 
rapidly by dwarf orange-peel buckets. 

Telescopic cylinders have been used more or less successfully, 
the principal advantage apparently being tound in overcoming 
additional skin friction. As this additional skin friction is rela- 
tively small, this advantage is mlnimi^d by the additioiiad cost 
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of the lai‘ger top section of the telescope. Where the cross section 
ps larger than 30 in. and the depth too great for driving steel 
piling in one length, an open reinforced concrete c^dinder 
prove best adapted to the I'ccjuirements, providing the ground is 
soft enough to allow the cjiinder to be sunk as built up under its 
own or small additional weight, when cleaned out. Gow pile 
caissons are shown in Fig. 15. 

Large square or rectangular caissons are usually braced by 
cross walls or ljulkheads, which form the dredging wells. 

Figure 14 shows a Chicago 
type of well shaft and Fig. 19 
shows an open steel cylinder 
caisson. 

23. Amount of Skin Friction 
Developed. — The skin friction 
developed varies vdth the char- 
acter of the material penetrated, 
the amount of moisture present, 
the surface of the caisson walls, 
and the depth sunk. The unit 
intensity of skin friction does 
not increase so rapidly with the 
depth sunk as might be ex- 
pected. The passage of the 
lower part of the caisson 
smooths the material and 
brings the moisture to the sur- 
face of the caisson, 'which acts 
as a lubricant. There is no method of calculating skin fric- 
tion and the amount that may be developed in each instance 
is a matter of experience and judgment. In general, skin friction 
in the various materials varies in intensity in the following order: 
boulders and clay, gravelly clay, moist clay, gravel, sand, and silt. 

The skin friction for each material varies over a wide range 
and usually increases with the depth. For depths up to 100 ft., 
the skin friction for sand may generally be taken at 250 to 500 
lb. per sq. ft., gravel 300 to 600 lb., moist clay and gravelly clay 
500 to 1,000 lb. These figures are not likely to be exceeded 
for average conditions. The skin friction for quicksand is some- 
what higher than for building sand. The skin friction for 
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so-called quicksand around New York City varies fiom 250 to 
650 lb. per sq. ft. The run-in under the cutting edge is much 
larger for quicksand than for other materials. The skin friction 
in boulders and clay ma^’ be very high. 

Jacoby and Davis record a skin friction of 1,912 lb. per sq. ft. 
for the pivot pier of the Grand Trunk Bridge at Black Harbor 
on the Niagara River. The material was a very sticky red clay. 
The caisson was of concrete. The same authors give the maxi- 
mum friction for one pier in the Cairo Bridge as 932 lb. per sq. 
ft. in sand. 

The Foundation Company of New York City gives the skin 
friction for a concrete gun pit, sunk 130 ft. in clay and bouldei*s 
at Washington, D.C., as 3,500 lb. per sq. ft. 

Friction as high as given in the foregoing examples is seldom 
encountered. 

24. General Design. — Caisson design is largely a matter of 
e.xperience and judgment. The earth and water pre.ssure, as 
determined by formula for pressure, is very eavsily pro\'ided for. 
However, in large and deep caissons that are pumped out. the 
stresses in the walls due to earth or water pressure may be high. 

The unit stresses used in designing for loads to be carried after 
sinking should be very conservative. The process of sinking the 
caisson may so rack and tmst it that its original calculated 
strength may be impaired. The indeterminate stresses due to 
sinking are the ones most likely" to be inadequately provided for. 
It is possible to get almost any conceivable condition of loading 
on a caisson during sinking, owing to the variation of the skin 
friction over the surface, the moisture, the hardness of the bot- 
tom, the tipping of the caisson, logs or boulders under the cutting 
edge, or the nature of the run-in of material imder the cutting 
edge. 

A caisson should be designed with a shearing strength equal to 
at least one-half its weight. A rectangular caisson should be 
assumed to be supported on diagonally opposite corners. In a 
caisson supported at the corners, torsion produces hea\' 3 ^ bending 
stresses at wall intersections. The earth pressure is usually not 
balanced around the caisson; at such times the caisson is acting 
as a beam or cantilever. In a caisson out of plumb, which has 
penetrated materials of different stiffnesses, this bending stress 
may be very high, especially if the material flows more leadily 
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under the cutting edge on one side than on the other. The lower 
portion of the caisson should be made especially strong to with- 
stand pressure of material flowing under the cutting edge, 
extra load from tilting, impact from a sudden drop on logs 
or boulders, or shock from blasting. There should also be 
sufficient strength to prevent pulling in two, in case the top is 
friction bound. 

The sides of the caisson should be straight. Sloping the sides 
to reduce friction makes the caisson more difficult to guide and 
may increase the friction by material falling into the crevices 
and jamming the caisson. The Chicago, Burlington & Quincy 
R.R., however, experienced but little difficulty in sinking in 
sand in the Platt River a pier that had a base 16 ft. square for 
12 ft. above the cutting edge and a cylindrical shaft 11 ft. in 
diameter above the base. The general experience with tapered 
caissons would indicate that this form would be much more likel^^ 
to give trouble than a straight caisson. 

25. Wooden Caissons. — Wooden caissons are built up of 
double walls of square 6- to 12-in. timbers with concrete between 
the walls to provide sinking weight. The caisson should be 
heavy enough to follow dowm as fast as the material is excavated. 
To get enough weight it is usually necessary to leave as much 
space as possible between the inside and outside ■walls, thereby 
reducing the dredging wells to a minimum. The dredging wells 
should be 7 or 8 ft. square although caissons have been sunk ■with 
dredging wells as small as 5 ft. in diameter. Excavation is more 
expensive and slower with the small dredging wells, because such 
small buckets must be used. 

The outside walls are built of square timbers driftbolted 
together on 2- to 3-ft. centers. The inside walls are built of 
square timbers spaced 3- to 4-ft. centers. Large caissons are gen- 
erally built of 12 X 12 timbers; small and shallow caissons may 
be made of 6 X 6, 8 X 8, or 10 X 10 timbers according to the size 
and depth. At the corners and intersections of cross walls the 
timbers may be halved, dovetailed, or alternate sticks run 
through. The latter method is the cheapest and gives equally 
good results- The outside of the caisson and the dredging wells 
are sheathed with 2-m. surfaced plank laid vertically. Care 
should be taken to lay the sheathing smoothly to reduce friction 
and to avoid projectiLons that might catch on obstructions- 
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The few lower feet of the caisson are laid solid in triangular 
form, bolted through horizontalh" from the outside to the dredg- 
ing well and driftbolted vertically. The lower edge, 8 to 12 in. 
vide, should be protected by a steel shoe. 

26- Concrete Caissons. — Concrete is a satisfactory material for 
caissons and is sometimes used for that purpose. It is heavy, 
economical, and with steel reinforcement has the required 
strength. The first consideration should be to get the walls 
heav 3 " enough to sink without loading. The interior walls should 
be strong enough to transfer their load to the outer walls, when 
undermined, or to carry a considerable part of the weight of the 
outer walls in case of an unusually hard bottom under a part of 
the caisson. The caisson should be reinforced for bending in all 
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directions. Special care should be taken to make the corners 
and w^all connections especially strong. When a caisson is 
racked out of plane, the cross walls produce a bending moment 
in the side walls instead of bracing them. Cylinder caissons are 
sometimes built of reinforced concrete. 

The cutting edge should be protected by a steel shoe and be 
heavily reinforced for some distance above the bottom. 

27. Cutting Edges. — The cutting edges of caissons should be 
strong enough to withstand the strains of the sinking operations 
as well as to allow excavation to be carried on under them 
and to prevent the escape of air. They may be made of tough 
wood and covered with a steel shoe or entirely of steel. The 
width used in practice varies from 4 to 18 in. Figures 20 to 24 
show the usual forms of cutting edges. Figures 20 and 21 are 
the forms most frequently used and in general the most satis- 
factory. Figure 22 gives very little protection to the lower edge 
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of the caisson. Figures 23 and 24 lack stiffness and should not 
be used where obstructions may be encountered or when blast- 
ing may have to be resorted to. With the thin cutting edges, it is 
thought that the caisson follows the excavation more closely, 
thereby reducing the amount of material that runs in under them. 

28. Landing the Caisson. — ^The site should be leveled off and 
cleared of all obstructions which would interfere with the free 
movement of the caisson. TVTien the caisson is on land, it is 
customary" to dredge the site down 15 to 20 ft. before setting the 
cutting edge. 

The cutting edge is set level on blocking. The blocking should 
not be longer than required to sustain the weight. The projec- 
tion of the blocking on the outside of the caisson should be as 
short as possible. A^Tien the caisson is ready to sink, all material 
except the blocking should be cleared away. As the dredging 
progresses, the blocking will be carried into the caisson by the 
material running in under the cutting edge. 

Caissons in deep water are built on ways on the bank and 
floated to position. Guide piles are driven around the site so 
the caisson can be controlled until it is landed on the site. When 
the water is too shallow to float the caisson, it may be built on 
barges and floated to place. A framework may be built up on 
the barges to support the caisson, which is lowered by rods or by 
sinking the barges, or the caisson may be built directly on single 
or double barges and lowered by sinking the barges. As the 
caisson sinks, the barges are diagged from under the cutting edge. 
When the water is too shallow for a floating method, the caisson 
ma 3 " be built on a platform at the site. One or two rows of piles 
are driven on each side of the site and capped. Crossties resting 
on the caps support the cutting edge. After completing the cais- 
son, blocking is arranged on the platform and the caisson lowered 
to place by rods. In shallow water the site is sometimes dried 
up by a cofferdam. 

29. S inkin g Caissons. — Before dredging is started, the caisson 
should be built as high as practicable. The heavier the caisson 
the more closely it follows the excavation, and the less material 
will run in under the cutting edge. A caisson that is narrow for 
its height may be unstable at the beginning and require bracing 
until it is deep enough into the ground to prevent overturning. 
In very soft ground a caisson, may be difficult to control at the 
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start. A caisson that is tilted can frequently be straightened 
hy setting braces against the low side or by taking a hea\'y pull 
with a block and tackle. 

The method chosen for sinking the caisson will to a great 
extent depend upon the character of the soil it must penetrate. 
Ordinarily, open caissons are sunk by dredging with a clam- 
shell or orange-peel dredge bucket, the clamshell generally being 
the more satisfactory. The mud-sand pump or ejector is some- 
times used. Water jets to reduce the side friction and temporarv^ 
loading are sometimes used. Small caissons may be driven, 
pulled dowm, or placed by boring or jacking methods. The latter 
is used in building foundations where headroom is lacking. For 
large caissons that must penetrate unstable subaqueous .soil, the 
sand island^ method is advantageous. 

The excavation should be made as uniform as po.ssible. If the 
caisson is out of plumb, the excavation on the high side should be 
carried ahead of the excavation on the low* side. But e.xcavating 
on the low side should not be entirely omitted as it is not practi- 
cable to plumb the caisson without low'ering it as a wdiole. The 
general level of the bottom should be kept in a plane, tilting 
the plane as may be required to plumb the caisson. 

The excavation ma 3 ’' be but a short distance below’ the cutting 
edge or it n\&y be as much as 10 to 15 ft. When the excavation 
is carried ver^^ far below’ the cutting edge, there is ahva^’s the 
likelihood of a sudden drop, w’hich ma\’ w’reck the caisson. When 
the excavation is carried ver^’ far below’ the cutting edge and 
there is a sudden run of material under the cutting edge with 
an accompanying drop of the caisson, the material packs around 
the caisson, making it difficult to start the caisson again. In 
such cases it is generally admsable to load the caisson enough to 
get a uniform movement as the excavation is made. 

Jet pipes may be built into both the inside and outside walls 
or may be used as free jets operated from the surface. These 
usually discharge at an angle of 45 deg. and may be pointed either 
upward or downward. The outside jets tend to reduce surface 
friction while the inside jets tend to loosen material under the 
cutting edges. However, jet pipes built into the caisson w’alls 
have not proved very successful. They are generally plugged 


^ See p. 117 for description of sand island method. 



116 FOCXDATIOXS, ABUTMEXTS AXD FOOTINGS [Sec. 3-29 


with, mud and cannot be used when wanted. A jet free of the 
caisson and operated from the surface is much more satisfactory. 
The water Jet should be used with caution. It is likely to cause a 
sudden drop in a deep-dug caisson and also has a tendency to 
cause the material to pack around, making it increasingly difficult 
to start the caisson after each application of the jet. 

The mud-sand pump consists of an outside pipe toothed to 
penetrate the soil and an inside pipe perforated at the end. 
Compressed air is conducted through the inside pipe. This 
churns the sand and water and causes it to rise in the outside or 
ejector pipe. 

The excavation should be carried on continuously. It is 
harder to start a caisson than it is to keep it moving. Caissons 
to be landed on rock stop a short distance above the rock. They 
usually can be brought to a fair bearing by pumping them down 
rapidly and washing the material from under the cutting edge. 

TMien the caisson is not heaw enough to overcome the skin 
friction, it is loaded with bags of sand, railroad rails, or cast 
weights of concrete or iron. The necessity of loading a caisson 
slows up the sinking operations and materially increases the cost 
of the work. Blasting may be resorted to on especially stubborn 
caissons, where the material is very hard to dig, or where the 
boulders and logs are hard to break up. The most economical 
method of loading caissons is to use the permanent concrete 
filling. This offers a great advantage to double-w^alled caissons. 
The usual method is to explode from one-half to a whole stick of 
dynamite inside the caisson. The Foundation Company reports 
a very remarkable case of blasting a caisson dovm in boulder 
clay. After the bottom had been dug 10 to 15 ft. below the 
cutting edge, a series of holes were drilled about 40 ft. deep 
all the way around the caisson and about 30 ft. back from it. 
Each hole w^as loaded with a stick of dynamite and all were fired 
at the same time. A few minutes after each series of simul- 
taneous explosions the caisson would sink 6 to 8 ft. The caisson 
was sunk by the above method about 90 ft. 

The open caisson cannot be so easily controlled as the pneu- 
matic caifflon nor so accurately located. Generally, the larger 
the caisson, the easier it is to keep plumb and the more accurately 
it can be landed. To keep small caissons plumb it is usually 
nece^ary to use shor^. 
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Small steel-cylinder caissons may be driven with a drop or 
steam hammer. In some cases they may be pulled down by use 
of block and tackle attached to piles driven around them. 
"WTiere reaction support is available, as in the underpinning of a 
building, small caissons may be sunk by the use of hydraulic 
jacks placed between the caisson and the building wall or similar 
support. The boring method was adopted from the process of 
large churn drills and has been used successfully. 

Recently a new process, which is applicable to cylinders of 
large diameter, has been developed and is called the ]Montee 
patented caisson. This process has been applied to steel cyl- 
inders 4 to 8 ft, in diameter and 78 ft. high. The lower edge is 
cut to form a toothed cutting edge and is coated with a layer of 
tungsten carbide to resist wear. The top of the cylinder is held 
to a rotary head by a watertight clamp, which is driven by an 
electric motor with a 'worm-gear reducer mounted on a skid 
rig having vertical leads. Usually a 125-hp. motor is used and a 
torque of about 1,000,000 ft.-lb. is developed. In operation the 
cylinder is filled with water and kept under pressure by iDumping. 
Pipes welded to the inside of the cylinder feed water to the cutting 
edge. Cylinders may be rotated at 4 to 10 r.p.m. and be spun 
down at the rate of 12 to 20 ft. per hr. This method has been 
used for penetrating sand, gravel, clay, and boulders. To reduce 
the friction on the sides, the rotating head is set with a slight 
eccentricity. 

Where large caissons are to be sunk in swift water, great care 
and skill should be exercised. This is especially true in sinking 
large reinforced concrete caissons. The sand island method, a 
patented process, consists of creating an artificial island, which 
furnishes lateral stability and frictional resistance and thus 
reduces the danger of tipping and of bloAvouts. This method is 
particularly advantageous where caissons have to penetrate 
soft unstable materials and was used for pier construction on 
modern bridges on the Mississippi River at New Orleans and on 
the Missouri River Bridge at St. Charles. 

Figure 25 shows the construction of piers for the Mississippi 
River Bridge. The river bottom was first covered with a willow 
mattress. Timber pile bents were sunk to about 25 ft. penetra- 
tion and extended about 4 ft. above the water level. Steel rings 
120 ft. in diameter and 10 ft. high were a^embled in sections 
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30 ft. high on the falsework and then sunk. Similar sections 
were placed as the sinking process continued. When the shell 
reached the mattress, the latter was cut at the inside edge of the 
shell. The shell was then filled with sand to the water level. 
Concrete caissons 65 X 102 ft. in section were then sunk through 
the sand by the dredging method. The steel shells varied in 
length from 70 to 100 ft. The caissons Avere 135 ft. in length. 
A 50-ft. timber cofferdam was constructed on the caisson and 
pier construction was carried on vdthin it. The sand between 



Fig. 25. — Lowering steel shell to provide sand island. 


the finished pier and the steel shell was dredged out and the shell 
was detached at the lowest point accessible by diver for reuse- 
30. Sealing Caissons. — When the caisson has been sunk to the 
required grade, the bottom should be dredged to a uniform 
surface. If the bottom is under water, as is usually the case, 
careful soundings should be taken to see that the surface slopes 
uniformly from center of the dredging well to the cutting edge. 
A diver should be put down to clean the material from under the 
steps at the cutting edge. The concrete may be deposited by 
either a tremie or bottom-dump bucket. The tremie is usually 
heavy and difficult to handle. The bottom-dump bucket 
is more easily handled and for deep work will give the best 
results. The concrete should be placed continuously and carried 
through the full thickn^s to avoid laminations. 
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The sealing concrete is not generally reinforced, as it is not 
practicable in most cases to reinforce it. It should not he leaner 
than a 1:2:4 mix, as concrete placed under water is not likely 
to be so good as concrete placed in the dry. Concrete placed 
through water has, in addition to a deposit of mud and laitance, 
a layer of porous concrete on top which may be from a few 
inches to a foot thick. A reduction in the allowable unit stresses 
for concrete placed through water should be made. The depth 
of seal for small dredging wells varies usually from a thick- 
ness equal to the smallest dimension of the well to a thickness 
of one-half that amount. If the foregoing rule were followed in 
large dredging wells, it would be quite expensive; consequently 
the thickness of seal is reduced to one-fourth the least dimension 
of the well, or even less. T^dien the dredging well is round or 
nearh" square, the seal may be figured as a flat slab supported 
at the edges. At the completion of the excavation the bottom 
is more or less in the form of a dome. If there is strength 
enough in the cutting edge to canw the ring tension, the seal may 
be figured most economically as a dome. 

31. Rate of Sinking. — ^Mien the caisson is heav\' enough to 
overcome the skin friction, the rate of sinking is dependent upon 
the amount of material that can be excavated. The amount 
of material excavated exceeds the displacement of the caisson. 
In sand and gravel wdth a light caisson the run-in may amount 
to 50 per cent of the displacement. With a heavy caisson the 
run-in should not be over 25 per cent. In quicksand vitli a 
light caisson the run-in may be over 100 per cent of the dis- 
placement. The run-in for clay is usually negligible. In 
sinking the four special-type open caissons for the San Francisco— 
Oakland Bay Bridge an average of six months was required. 

In order to reduce the time of construction metal cylinder 
caissons are usually sunk at a high rate when used in congested 
high-value districts of large cities. Various means are used to 
accomplish this even though they may prove expensive. 

32. Cost of Sinking. — The cost of excavation is practically the 
only indeterminate variable for a caisson that is heavy enough 
to sink by its own weight- It varies with the location of the 
work, the character of material to be excavated, the size and 
depth of the caisson, the size of the dredging wells, and the 
method of disposing of the excavated material. The cost of 
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iiredging increases with the depth of water through which the 
dredging is done. OrdinarOy^ excavation may be carried on 
cheaper in caissons having large dredging wells than in those 
having small ones. 

The increase in cost is due to reduction in speed, to mateidal 
being washed out of the bucket, to difficulty in placing the 
bucket, and to the weight of the water compacting the material. 
The amount of material washed out by the water is a large item 
after orange-peel buckets have been in service for some time. 

The total cost of sinking caissons should be determined for 
each individual job. 

Pneumatic Caissons 

33. Pneumatic Caissons. — WTiere it is not practicable to dig 
tlirough wet ground in the open in order to reach rock or better 



material below the main excavation, pneumatic caissons are 
used. These structures may be made of timber, steel, or con- 
crete, Tliey are sunk to the desired depth by excavating in the 
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working chamber. Sufficient air pressure is maintained within 
the working chamber to balance the soil and water pressure and 
therefore aids in the control of the amount of material entering 
the working chamber. The structure should be strong enough 
to allow the building of a crib and a cofferdam and the pier or 
other structure upon it. It should also resist the stresses result- 
ing from the sinking process. A typical pneumatic caisson is 
shown in Fig. 26. 

The caisson is built aboveground and sunk in place as an 
inverted box. The lower section of the box consists of a working 
chamber usually 6 or 7 ft. high. Shafts for the passage of men 
and materials connect this chamber with the working deck and 
contain the air locks within which air pressure is raised from 
atmospheric to the working pressure when workmen are enter- 
ing, and the opposite when leaving. A crib built above the roof 
is filled wdth concrete as the caisson sinks. The cofferdam is 
built above the crib. It is shown in Fig. 26. Removable weights 
to aid in sinking are shown within it. When the caisson reaches 
bedrock or other suitable strata, the working chamber and shafts 
are filled with concrete and the pier or other construction is 
started within the cofferdam at the top of the crib. 'V\’hen the 
structure is complete, the cofferdam is removed. The caisson 
and the crib remain as integral parts of the permanent structure. 

34. Depth Limitation. — The pneumatic caisson method is 
limited practically to a depth of not over 110 ft. below water 
level or an air pressure of 50 lb. per sq. in. There are a few 
instances where pneumatic caissons have been sunk a few feet 
deeper than 110 ft. and have had an air pressure of a few pounds 
above 50 lb. per sq. in., but a pressure of about 50 lb. per sq. in, 
is the recognized limit of endurance for the human system. 

The cost of pneumatic work increases ver;>^ rapidly as the air 
pressure increases on account of the shorter shifts the men can 
work and the longer rest periods required. There is also a 
decided increase in the number of cases of caisson disease when 
the pressure reaches 40 to 50 lb. per sq. in. 

In cases where a stratum of highly tenacious soils such as 
Mississippi gumbo or the so-called Hudson River silts are encoun- 
tered, the actual air pressure required may differ from the theo- 
retical. Usually under these conditions the actual pressure 
required is lower than the theoretical and consequently allows 
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the use of pneumatic caissons to a greater depth without exceed- 
ing the maximum allowable air pressure. 

36. Skin Friction Developed. — One of the most indefinite 
factors of caisson design and installation is the determination of 
the probable friction that ma 3 - develop during sinking operations. 
As shown under the open caisson, this value ma\- in general var^- 
from 250 to 1,000 lb. per sq. ft. of surface in contact with the 
soil. Values lower than 250 lb. maj" be encountered but, on the 
other hand, values much higher than 1,000 lb. ma^" under certain 
circumstances be deA’eloped. In general, pneumatic caissons 
used for building foundations develop higher frictional resistance 
than when used in underwater construction. This reduction is 
probabh’ due to the development of a water film along the sides. 
In either ease the escaped air ma\" follow up along the caisson 
side and will act as a lubricant to reduce the frictional resistance 
to sinking. 

36. General Design. — All the statements in regard to stresses 
under open caissons apph’ with equal force to pneumatic caissons. 
In the pneumatic caisson, however, the pier above the working 
chamber is usualh’ solid masonry", except for the comparatively’- 
small shafts left for access to the working chamber. The walls 
of the working chamber are subjected to stresses of the same 
character and intensity’ as the lower part of an open caisson. 
They’ should be designed for the increased load of a caisson out of 
plumb, unbalanced lateral pressure, the pressure of material 
flowing under the cutting edge, and the impact when striking 
logs or boulders. 

In the early’ designs the roofs of caissons were made of very^ 
heavy’ timber construction. In the more recent designs the roof 
timbers are made only’ strong enough to carry’ 4 to 6 ft. of -wet 
concrete. The concrete should be well reinforced and allowed to 
set fully’ before sinking operations are started. It should be 
strong enough to transmit the weight of the pier or shaft to the 
cutting edges and be made sufficiently rigid to resist distortion 
while being landed. Rigidity’ is furnished by anchors to the side 
w’alls. The side w’alls should be as nearly airtight as possible. 
They should also be sufficiently strong to transmit the roof load 
to the cutting edge and to withstand the horizontal thrusts and 
the impact stress^ built up when the cutting edges strike boul- 
ders, logs, or other material during the sinking operation. The 
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air pressure cannot be relied upon to carry a part of the load, as 
the pressure may be reduced quickly to zero for short intervals. 
The working chamber should be made as near airtight as pos- 
sible, and should be from 6 to 7 ft. high. Higher walls afford 
more working space when the caisson is partly filled with sand. 
Although the higher walls make the excavating more eeoiiomieai, 
they increase the cost and difficulty of building the caisson. 

37. Wooden Caissons. — There have been three general 
designs for the side walls of wooden caissons. The early designs, 
originated in the days of cheap lumber, had V-shaped side walls 
laid up of solid timbers driftbolted together. Alternate timbers 
were extended through the course instead of halved. An adapta- 
tion of the above design is to build the outside face of the wall 
of a single course of timber either 6 X 12 or 12 X 12, and a 
single course of timber for the 45-deg. sloping wall. The space 
between the walls is filled with reinforced concrete. The straight- 
walled caisson is built of two courses of 12 X 12’s horizontally, 
driftbolted together vertically and bolted through and through 
horizontally, alternate timbers being cut at the corners. 

The straight-walled caisson may also be made of one or two 
horizontal courses and a vertical course. The outside course is 
usually made of 12 X 16's and extended several feet above the 
roof. The roof timbers are gained into the vertical timbers to 
transmit the roof load to the caisson walls. The foregoing sizes of 
timber are for large and deep caissons. For small and shallow 
caissons the size of the timbers may be reduced. 

The walls of the straight-walled caisson should be braced at 
intervals of about 10 ft. by stmts and rods extending across the 
caisson. The V-shaped walls require much less bracing than 
the straight wall. The straight caisson wall is more frequentb^ 
used than the V-shaped because it is less difficult to excavate 
under the cutting edge. The lower course of timber should be 
protected by a steel shoe. The roofs of timber caissons formerly 
used for pier construction were very hea\^^ This was particu- 
larly true when the piers were built of stone masonry. The roofs 
were usually built of 12 X 12-in. timbers thoroughly driftbolted 
and laid in courses alternating in direction to furnish a thickness 
of from 8 to 22 ft. The use of bulkheads within the working 
chamber and of concrete to replace stone masonry in pier con- 
stmction has greatly reduced the required roof thickness. 
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In large caissons the wall bracing may take the form of bulk- 
heads with tie and truss rods. In such cases the bulkheads with 
trusses may be used as a support for the roof. 

The entire inside of the working chamber and the outside of the 
walls should be sheathed with 2- or 3-in. sheathing, which should 
be surfaced on one face and planed on the edges for caulking 
or should be tongued or grooved. To get a uniform surface, all 
caisson timbers should be surfaced on one side and one edge. 

The cofferdam, biuit from the top of the caisson to a few feet 
above the water line, must carrj’' the water load until the masonry 
is put in. When concrete is used, it is customary to utilize the 
cofferdam as a form. When the pier is of stone masonry, the 
cofferdam is braced to the pier or the space between the pier 
and the cofferdam is filled with sand. 

38. Concrete Caissons. — Concrete caissons for bridge piers 
have not been used to any great extent in this country. On 
account of their weight they are difiSeult to build and to land on 
the pier site. Also, it is necessary to allow a considerable time 
for hardening before the sinking is started. The necessary thick- 
ne.ss of wall to give the required strength reduces working space 
and thereby limits the use of this material for small caissons. 
Conei*ete caissons have the advantage of forming a monolithic 
pier structure. Concrete is a good material for a caisson that 
can be built on the site and a considerable depth of pier added 
before sinking. Under such conditions concrete caissons are 
very extensively used around New York for building foundations. 
Later practice tends toward the use of steel cylinder caissons 
for this purpose. Concrete cylinder caissons are sometimes used 
for bridge piers and are often sunk part by open dredging 
methods. The final placing of the foundation is done by pneu- 
matic methods. 

30- Steel Caissons. — On account of their cost, steel caissons 
are not extensively used in American practice. In a vertical 
walled steel caisson the side walls are built of plates and angles, 
knee-braced to the roof beams. The knee braces are spaced 4 or 
5 ft. on centers. The V-shaped walled caisson has a vertical and 
inclined wall of plates and angles with diaphragms at intervals 
of 6 to 8 ft. The space between the walls is filled with concrete. 
The roof is made of beams or girders with a plate riveted to the 
bottom flange. The cutting edge should be reinforced for stiff- 
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ness- All-meta! c^dinder caissons are used in New York City 
for building and bridge foundations. These are similar to those 
used for the open caissons but are equipped with a diaphragm 
door to form air locks. They are usually 6 to 12 ft. in diameter 
and are built up in sections of 6 to 10 ft. Open dredging meth- 
ods are often used throughout part of the depth and the final 
placing of the foundation is done by the pneumatic process. 

As given before, the advantage of the metal caissons is that 
the same strength can be furnished by a thinner wall, thus 
leaving more working space available. They generally form a 
more watertight structure- 

40 . Cutting Edges. — The cutting edge best adapted to pneu- 
matic caissons is that shown in Figs. 23 and 24, page 113. The 
sharp edges permit the material to be dug out close to the side 
wall without allowing a great quantity of air to escape. 

41 . Sinking Caissons. — The site should be cleared of mud and 
leveled. In swift streams with soft bottoms the bottom on the 
upstream side of the caisson is sometimes paved with sand bags 
to prevent scouring and undermining of the caisson before the 
sinking is well started. 

The best and most economical method of sinking a pneumatic 
caisson is to have just enough weight to keep the caisson moving 
as fast as the material is excavated from under the cutting 
edge. The excavation should be carried on continuously because 
after a caisson has stopped there is always difficulty in again 
starting it. 

It is usual to excavate the material about a foot below the 
cutting edge, except close to the cutting edge. In clay the exca- 
vation can be carried somewhat deeper. The material under 
the cutting edge is then removed, and the air pressure reduced 
enough to let the caisson settle to the bottom of the excavation. 
In sinking caissons for building foundations large frictional 
resistance is usually developed- Weighting the caisson is often 
necessary as an aid in sinking. I^rge caissons when sunk to great 
depths have required as much as 1,000 tons of loading. Loading 
of the order of 300 to 400 tons may represent an average condition. 
If the caisson is much heavier than required to overcome fric- 
tion, the working chamber may be practically filled with material 
that makes it difiGLcult for the men to clear away a space large 
enough to work in. When passing through hard material or boul- 
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ders, it is important to see that the excavation is made amply wide 
so that the caisson will not jam. The excavated material is 
removed by buckets working through air locks or by a blowout 
pipe. 

The blowout pipe is simply an iron pipe about 5 in. in diameter 
extending from the deck to the working chamber. There is an 
elbow at the top and a piece of flexible hose with a flap valve at 
the bottom. The excavated material is shoveled around the 
end of the hose and the valve opened. All of the material in 
front of the valve is very quickly blown out. The process is so 
rapid that the valve need be opened but a short time. jXIaterial 
is not generally blown out until the air reaches a pressure of about 
20 lb. per .sq. in. The abrasion of the sand on the elbow of the 
blowpipe weans it out very rapidly. 

Clay and rocks are best removed by a bucket. The air locks 
now in use permit the bucket to be taken out of the caisson with- 
out disconnecting the bucket from the rope, 

A.S the caisson is sunk it is rarely quite plumb nor is it exactly 
in the correct location. The cais.son can usually be made to 
move in the direction desired, provided the material penetrated 
is not extremely hard. To move the caisson laterally the side of 
it opposite the direction to be moved should be undercut and 
the other side banked. The caisson is then allowed to sink out 
of plumb. The cutting and banking are then reversed and the 
caisson is brought to a vertical position. The caisson cannot be 
moved laterally without sinking it at the same time. 

One of the land piers of the Missouri River Bridge at Omaha 
was moved 5 ft. lateralh’ in sinking S or 10 ft. In addition to 
the cutting and banking, a heavy pull was put on the pier by a 
block and tackle. Inclined shores also were set in the working 
chamber to assist in the movement. 

Where, owing to lack of headroom or for other reasons, it is 
sometimes not po.ssible to sink a caisson by this method even 
though compressed air is required, a fixed lock may be used. 
The preferred method in this case is to sink to the water-bear- 
ing soil a small cofferdam or pit in the open, somewhat larger than 
requireci for the air work. Above this a roof or bulkhead is 
placed with a vertical or horizontal lock or locks in place. This 
bulkhead is then backfilled or weighted to more than balance 
the requisite preamre. From this working chaanber under 
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compressed air, the smaller caissons may be sunk as in the open 
as described. 

42. Sealing Caissons. — If the caisson when sunk to grade is in 
sand, gravel, or hardpan, the bottom should be leveled and the 
material dug from under the cutting edge. If the caisson lands 
on sloping rock overlaid by coarse sand or gravel, it is usually 
better to excavate the rock and continue the sinking until the 
cutting edge reaches the low point of rock. If the sloping rock 
is overlaid by fine compact sand or clay, the excavation may be 
carried below the cutting edge to rock by banking the sides of 
the excavation wuth bags of sand plastered over with ela\% or 
the excavation may he carried to rock by jacking sheeting down. 
When hardpan, which is free of pockets of soft or loose materials, 
is encountered, caissons for building foundations are sometimes 
sunk a few feet into it and excavation to rock is carried on ahead 
of the cutting edge. Under the conditions the base is sometimes 
dug outward from the cutting edge to form a bulge at the l>ase to 
increase the bearing area. The risk of excavating below the 
cutting edge increases as the air pressure increases. All loose 
rock should be cleaned off, all rotten rock removed, and all 
crevices cleaned out. Sloping rock should be stepped to give 
horizontal surfaces. Filling the working chamber with concrete 
is a very important part of the finishing work on a caisson and 
requires a great deal of care. It is customary to fill in concrete 
to 2 or 3 ft. above the cutting edge, and then build the concrete 
up in steps to mthin 6 in. of thf^ roof by bulkheading. The last 
6 in. is filled by ramming in comparatively dry concrete. This 
process is slow, tedious, and expensive. Another method is to 
fill the working chamber to within a foot of the roof with medium 
wet concrete. After the concrete has had time to set, the air 
pressure is released and the remaining 12 in. are filled with con- 
crete wet enough to flow. The air is forced out at 2-in. air pipes 
placed near the corners of the caisson. 

43. Rate of Sinking. — Primarily, the rate of sinking a pneu- 

matic caisson depends upon the rate at which excavation can be 
made. Interference by logs, boulders, and other obstructions 
and the amount of skin friction developed also affect the rate. 
Consequently there is a wide variation in sinking rate. Rates 
accomplished in sinking building caissons in New York City 
vary from 1 ft. per hr. to 4M day as an average. The 
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FaiindatioD Company reports the sinking of 87 caissons, all 
exceeding 7o ft. in length, for building foundations in New York 
City in a period of 60 da^’S. 

44. Cost of Sinking Caissons. — ^The cost, like the rate, of 
sinking caissons varies over a wide range. It is dependent upon 
many factors that are characteristic of the particular site. An 
estimate in which each item of cost is carefully considered should 
be made in each particular case. 

46. Caisson Diseases- — As the air pressure in a caisson is 
increased, the fluids of the body absorb increasing quantities of 
air in accordance with Dalton’s Law of Solution of Gases in 
Fluids: the amount of gas dissolved in a fluid is proportional 
to the pressure of the gas surrounding the fluid. 

When the air pressure is lowered too rapidly, the absorbed 
gases are thrown out of solution more rapidly than the body can 
eliminate them and bubbles are formed in the blood, tissues, or 
joints. The decrease in pressure allows the entrained gases — 
principally nitrogen — to expand. This expansion interferes vith 
the flow of blood and may cause the blood vessels to burst. The 
formation of these bubbles in the joints produces the bends.” 
Paralysis results when the bubbles are formed in the spinal 
cord. The treatment is to put the patient under pressure and 
decompress more slowly. ^lost states have law's regulating the 
rate of decompressing and the length of shift, w'hieh vary accord- 
ing to the intensity of pressure. They also reqxiire that a hos- 
pital compression lock be provided on the w'ork for the treatment 
of caisson diseases. To preA'ent caisson disease, only compara- 
tively ^'oung men of good habits and in good physical condition 
should be employed. Special attention should be given to the 
strength of the heart and condition of the circulatory system. 
Good circulation aids in the rate of desaturation. The final 
selection of workmen should be made only after a thorough 
examination by a competent physician. 

Caissoist Details 

Example 1. — ^Figure 26A shows details of one of the boilerhouse 
piers of the Kansas City Power and Light Company’s power 
stations on the Mi^ouri River at Kansas City, Missouri. 

The seal and cap were of 1:2:4 concrete; the walls of 1 : 2J^ :5 
concrete reinforc«i as slkown. The spaoe between the seal and 
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the cap was left empt3^ The pier was designed for a bearing 
capacity of 6 tons per sq. ft., exclusive of the weight of the pier. 
The material penetrated was fine sand. Xiimerous logs were 
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The water tiiiiiiels for this power station were sunk in sec- 
tions — 16 ft. wide, 29 ft. deep, and 43 ft. long — as open dredging 
caissons. The sections were sunk 1 ft. apart. The space 
between caissons was closed on the outside Iw driving sheet piling. 



on the inside by hracing a form against the concrete, the sand 
cleajaed out, and the opening filled with concrete. 

The seal was cast through the water; the top, which was above 
low water, was cast in the dry. 
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Example 2. — Figure 2^B shows details of an open dredging 
caisson sunk on the Ohio River for the Union Gas & Electric Co. 
of Cincinnati, Ohio, for a condenser pit. The caisson was 68 ft. 
inside diameter with wall 8 ft. thick. The requirements of sink- 
ing weight determined the wall thickness. The caisson was sunk 
60 ft. by open dredging through a cinder fill containing stone, 
clay, refuse from a gas plant, piles, etc., and 20 ft. into river 
gravel. The caisson was designed to resist a 70-ft. head of water. 
The walls were of 1 : 2 }^^ : 5 concrete reinforced both ways with 
1-in. bars spaced 2 ft. on centers on the inside and outside of the 
wall. 

The seal was 1:2:4 concrete cast by bottom-dump bucket 
through about 30 ft. of water. The seal was in the form of a sec- 
tion of a sphere and figured as a dome vfithout reinforcing. The 
side walls were reinforced for ring tension. After the caisson was 
pumped out, a finished bottom 6,^ 0 thick containing the intake 
and discharge water tunnels was installed. Before the finished 
bottom was installed, the sealing plug carried a 50-ft. head of 
water with practically no leaks. The caisson was built up in 
7-ft. lifts as the sinking progressed. The weight of the caisson 
was just enough to overcome the skin friction, which amounted to 
about 1,000 lb. per sq. ft. The caisson was landed 4 in. off center 
and 2 in. out of vertical. 

Example 3. — Figure 26C shows details of a pneumatic wall 
caisson for the Federal Reser\^e Bank at New York. On account 
of the excessive run-in under the cutting edge when sinking piers 
by the open dredging method, it is necessary in cities to use the 
pneumatic caisson. The caissons are sunk in contact. After 
sinking, the hexagonal opening between caissons is cleaned out 
and filled with concrete, thus making a watertight retaining wall 
around the building site. 

After the caissons are sxmk and sealed, the basement excavation 
is made, the permanent struts being installed as the excavation 
progresses. 

Example 4. — Figure 26Z> shows details of Pier No. 4 of the 
McKinley Bridge across the Mississippi River at St. Louis. The 
caisson was of timber and concrete construction. The walls 
were constructed of 6 X 12-in. timbers laid edgewise. The cross 
struts were of 6 X 8 and 10 X 10 timbers spaced 11 and 12 ft. 
horizontally and 3 to 4 ft. vertically. The wall timbers were laid 
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with, intermediate butt joints and halved corner joints and were 
driftbolted together with Js-in. drifts, 2 ft. 8 in. long, spaced 
5 ft. on centers in every course. Posts, 6 X 8 in., were put at 
intersections of stmts with the side wall and tension rods 

were used under each brace. The side walls were stiffened by 
4 X 84n. diagonals spiked on the inside. The working chamber 
was 7 ft- high with the sides and ends sloped at 45 deg. The 
roof of the working chamber w'as made of a single course of 
12 X 12-in. timbers. Alternate timbers were halved into the 
side walls; the other roof timbers w'ere stopped at the 45-deg. 
slope timbers which were 6 X 12 in., laid solid. The walls of the 
working chamber were braced by one longitudinal and five trans- 
verse struts extending from w'all to w'all. There -were tw'O ll^-in. 
rods with turnbuckles at each strut. The outside of the caisson 
was sheathed with 2-in. plank, the inside with 3-in. All sheath- 
ing w'as thoroughly caulked and all joints in iron plates coated 
with asphaltum. 

The cutting edge consisted of tw'o plates outside, 8 and 

33 in. wide, and a 36-in. plate on the inside bent to fit the 45-deg. 
slope. The steel plates extended 4 in. below' the caisson timbers. 
Lug plates w'ere bolted to the inside timbers of the cutting edge 
to take the w’eight during construction. 

The concrete in the V-shaped cutting edge w'as reinforced with 
rods spaced 1 ft. on centers along both the vertical and the 
inclined w’alls. These ?S“hi. rods w'ere anchored to the lugs on 
the cutting edge. 

The concrete on the timber roof w'as reinforced with tw'o layers 
of }/24n. round rods in each direction spaced 6 in. on centers. 

The caisson w'as built on shore on landing w'ays and landed in 
position b}' guide piles shown. 

The material penetrated wns mainly coarse sand, quicksand, 
gravel, and small boulders. 

Excavated material w'as blowm out by air pressure. 

The skin friction w'as from 300 to 600 lb. per sq. ft. at the start- 
ing of the caisson. After the caisson w'as started, the friction 
was considerably less. 

Example 5. — Figures 26 jEJ and 26F are plans and sections of a 
reinforced concrete gun pit sunk near Washington, D.C. for the 
Crovemment by the Foundation Company of New York City. 




M 



Fig- 26F. 


500 lb. per sq. ft-j would not i>enetrate the boulder strata when 
loaded to overcome a friction of 3,500 lb. per sq. ft. The caisson 
was dynamited by drilling a series of holes into the boulder strata 
10 ft. apart and 30 ft. away from the caisson all the way around. 
Each hole was loaded with a stick of dynamite and all discharged 
at once. A minute or two after the explosion, the caisson would 
drop suddenly 6 or 8 ft. By repeating this process the caisson 
! sunk 90 ft- to the required depth. The cai^on was landed 
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\\ith.out injury 1 ft. out of plumb. The seal was placed in the 
dry by pumping out the caisson. 



Fig. 26G. 

Example 6. — Figure 26(7 shows details of the caisson for the 
draw rest pier of the Chicago & North W^tern R-K- bridge at 
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Pierre, Scmtli Dakota. The caisson was of timber construction. 
The walls were constructed of an outside course of 12 X IG-in. 
timbers laid vertically and tw’O courses of 12 X 12-in. timbers laid 
horizontally. The vertical timbers extended to the top of the 
roof and were notchc-d 6 in. into the roof for bearing. Alternate 
timbers of the horizontal timbers were run through at the 
corners. The roof was constructed of tw*o courses of 12 X 18-in. 
timbers laid transversely and two courses of 12 X 12-in. timbers 
laid longitudinally. The cro.ss struts were 6 X 12-in. timbers at 
the top and 12 X 12-m. at the bottom. The bottom timbers 
were halved at intei'sections. At the intersection of struts and 
at the intersection within the w'aU, 12 X 12-in. posts w’ere put 
between the top and bottom timbers. There were two 2-in. rods 
with turnbuckles at the bottom chord of each strut. There were 
three trans\'erse struts and one longitudinal one. 

The cofferdam was laid solid of 12 X 12-in. timbers and braced 
by three lines of 12 X 12-in. timbers laid transversely and two 
lines longitudinally'. Bracing timbers were spaced on 4-ft. cen- 
ters vertically, halved into the side walls and driftbolted at 
intersections. 

All timbers were driftbolted together ^wth %-in. driftbolts the 
full depth of the timbers driftbolted together and spaced 4 ft. 
on centers along each timber. The outside of the caisson w'as 
sheathed with 2-in. plank, the inside with 3-in. All sheathing 
w'as thoroughly caulked. All timbers were sized to dimension. 
The cutting edge consisted of an 8 X 8 X M-in. angle and a 
20 X Js-in. plate. The horizontal leg of the angle was fastened 
by 8 X 12-in. plates spaced on 1-ft. centers. The caisson was 
sunk through 40 ft. of sand and gravel, and 5 ft. into gray clay 
shale. 


PELES AlSri) PILE FOUNDATIONS 

46. “Pile” Defined. — ^The word pile is derived from the An^o- 
Saxon “pil,” meaning an arrow' or sharp stake. Also from the 
Latin pilum, meaning javelin, and from the Latin pila, meaning 
a pillar. 

In an en^eering sense a pile may be defined as an element of 
construction composed of timber, concrete, or iron, or a com- 
bination of these that is either set, driven, or screwed into the 
ground vertically, or n^rly so, for the purpose of increasing the 
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power of the pile to sustain the weight that is to rest upon it, or 
for resisting a lateral force. 

47. Earlier Uses of Piles. — Historically considered, archaeolo- 
gists and ethnologists recognize that piles were used in Europe 
by prehistoric races to form rude foundations for supporting 
their dwellings in lakes, a short distance from shore, and generally 
in shallow water. Whole \’illages were built this way. Some 
piles were driven and some were merely set with stone placed 
around them afterward to compact the ground. These piles 
were of wood 2J4 to 10 in. thick and up to 25 ft. long. Their 
relics are common in the lakes of Switzerland. On account of 
its manifest protective features, this tA-pe of lake or lacustrine 
dwelling is still used by many savage tribes in different parts <jf 
the world. 

Caesar’s “Commentaries” describes pile bridges built by his 
soldiers previous to the Christian Era. 

In medieval ages Venice and the cities of Holland used wooden 
piles for foundations, these being driven by mallets or by metal 
hammers lifted by men or by animals. Piles, in the form of the 
trunks of small trees, were placed not by being driven but by 
being wiggled or rocked to and fro into place in soft ground, as 
is still done by farmers in northern Europe to establish platform?; 
for drying hay, etc. 

Timber piles have been used in Europe continuously since 
medieval times, the trunks of trees from their forested districts 
naturally suggesting themselves for the purpose. Iron shoes or 
points were later employed. IMetal piles were first used about 
the middle of the nineteenth century, mainly in England, in the 
form of cast-iron screw piles, and disk piles to proAude large 
bearing area. Their use has been A^ery limited, such as for light- 
houses, ocean piers, and other marine work. 

48. Types of Piles. — In modern practice piles may be classi- 
fied into two main groups: bearing piles and sheet piles. The 
bearing piles may again be diAuded into four subdiAusions : 
timber, concrete, composite, and steel. Each of these may again 
be divided according to treatment or method of placing or by 
various attachments for a certain purpose. Sheet piles may be 
divided into three groups: wood, steel, and concrete. 

Piles are also classified according to their use. Either bearing 
or sheet piles may be used to control scour. The use of guide 
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piit's in cofferdam work has already' been pointed out. Piles 
are sometimes iiscxl as a means of compacting ground to increase 
its l»earing power. Under suitable conditions, the short timber 
piles dri\’en for this purpose may be \\'ithdrawn and the hole 
tilled with sand. This column of sand acts as a pile and is termed 
a “sand^^ pile. Sand piles have been used up to 3 or 4 ft. in 
diameter. In this ease the cavities were prepared by a suitable 
exea\'ation method. "When these piles rest on a dense stiff layer 
and the sand is well compacted, they will support loads of 
approximately 10 to 15 tons per square foot. A pile placed in 
an ineiined position to resist horizontal load is known as a 
'‘spur” or “batter” pile. Piles placed singly about 10 to 15 ft. 
center to center along a dock line are termed “fender” piles. 
They are sometimes placed in clusters and lashed together to 
serve as fenders and are termed “dolphins.” In water-front 
work, piles often serve as anchors to furnish lateral support, and 
are sometimes used to resist upward pressure. 

Further consideration of the four classifications of bearing piles 
and the three classifications of sheet piles vfill be given under 
separate captions. 

49. Pile Foundations in Modem Construction — General Fea- 
tures of Design and Construction. — In modern engineering 
construction, pile foundations are employed where the soil is 
manifestly improper for spread foundations; for example, w’here 
the ground is too .soft to support the load without compressing or 
compacting, or where it is desired to support the load on hardpan 
or rock that is overlaid by very soft or fluid material. 

In driving piles into hardpan, it is therefore essential not to 
drive through the hard stratum and into soft material that may 
be underneath. Some Chicago conditions are cases in point. 

Pile foundations, in general, consist of a base of timber, steel, 
stone, brick, or concrete masonrj’', or a combination of these, 
supported by piles, which distribute the load of the structure 
resting upon it, through a considerable depth, to the earth, 
hardpan, or rock below. 

In cases where the pile is emploj^ed to consolidate soft ground, 
the so-called “pile action” occurs, and the limiting condition of 
load is either the adhesion of the ground to the surface of the 
pile, namely, the friction, or the compre^ive resistance of the 
material in the pile itself. The tip of the wooden pile in such 
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cases may be as small as 6 in. Where a pile is used to go through 
soft material to hardpan or rock, it receives considerable lateral 
support even though the ground may be soft. As a consequence, 
the pile does not act entirely as a column and is capa!>le of sup- 
porting a higher loading. It may, however, be suitable to use 
a larger tip diameter to increase the bearing area. A 9- to 10-in . 
tip is desirable, though somewhat difaeult to obtain in the 
ordinary market. 

In either case, the pile so employed is called a “bearing” pile, 
which is a general term apphdng to any pile that carries a super- 
imposed load. Examples of bearing piles are found in founda- 
tions of bridges and buildings, elevator foundations, power plants, 
and ore and coal storage docks. In the cases of storage docks 
and power plants on river banks, and particularly where com- 
pressible material rests on a harder stratum that slopes toward 
the boat channel, wooden piles are often driven closehv together 
over large areas and well into the hard stratum to prevent dis- 
astrous slips into the water later, when the dock itself is completed 
and loaded. Such foundation piles are generally cut off and 
made to act as a unit by a continuous layer or mat of eoiierete, 
plain or reinforced, several feet in thickness around the heads of 
the piles. 

TIMBER PILES 

From an economical standpoint, the most favorable use of 
bearing piles occurs when a practically unyielding stratum can be 
reached by timber or wooden piles of ordinaiy or market lengths, 
roughly 20 to 50 ft. long, and the overlying material is compressi- 
ble, such as soft clay, so as to be readily penetrated by piles, but 
sufficiently compact to prevent the piles from bending or from 
being displaced laterally. Commercially speaking, the available 
lengths and kinds of wooden piles are generally limited by the 
cost of railroad transportation and by the length of railroad cars, 
although long piles are often shipped in double loads, f.e., with 
their ends lapping over on another car. Except on our coasts, 
piling is seldom shipped by boat, since its length and heaviness 
make it difficult to handle through hatches and to stow. 

The chief advantage of timber piles is their low cost. They 
are, however, subject to decay and to the attack of marine borers. 
To prevent decay, wooden piles used in foundations are cut off 
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below the level of ground water. When this is done, they appar- 
ently have an indefinite life. This is shown by man3’- instances 
of piles in service for hundreds of >'ears. On the other hand, 
unprotected or untreated piles ma\" be destroyed in a period of 
a few months if attacked hy marine borers. 

The first step in the design of the foundation for an^^ structure 
is to ascertain the condition of the soil. As a general rule, the 
making of borings is valuable, but if the engineer depends upon 
others to obtain this information for him, he is soon confronted 
with a great deal of conflicting evidence. In the absence of 
definite knowledge b^" previous pile-driving experience at the 
site, or adjacent to it, borings certainb' should be made or test 
piles driven.^ The driving of test piles, although general^’' more 
expensive, is the more advantageous of the two. Even though it 
does not give samples of the material, f.c., the character of the 
soil, it does give good information wdth which to decide upon the 
capacity of the soil. 

It is evident, for the purpose of design and economical con- 
struction, that the length of piles to go in a pile foundation should 
be determined in advance. This is where the driving of test piles 
is additionalh" valuable. Wooden piles cannot be designed but 
must be taken as the^” grow. 

If other methods are used to determine the supporting power 
of the earth and it is desired to compute the size of the pile, it 
should be remembered that ^Svith the usual methods in effect, 
in which large initial stresses are to be expected, it is not safe to 
use piles of diameters which would be just large enough to support 
the developed supporting power of the earth, nor would it be 
practicable to secure or drive them.'^ In ordinary pile-driving 
operations, design is not so absolute as in steel structures, for 
instance, and some little elasticity is advisable, particularly after 
the driving of the foundation itself is started and observations 
are being made. In systematic pile-driving operations over large 
areas, soft and hard spots in the ground often evidence themselves 
in a manner that is not always developed by the test piles driven 
previoudy at r^xilar, but scattered intervals. For example, in 
case of doubt, on an ordinary pile-driving job, when a little easier 

* A. fmmiAk m .sometiiiies xmed. to the ireiatioii between the safe 

oeariiig a lale iwad the vanaMe iaisstors that 'Caii be obsesrved 

its 
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driving is encountered, it is better to drive a few additional piles 
such as are immediately available, rather than to wait for an 
exact number of larger piles to take the same individual 
loading- 

The life of wooden piles above water, where exposed to air and 
alternate wetting and drying, is largely affected by the time of 
year the piles are cut. This feature has not alwa\'s received the 
attention it deserves. Scientific experiment shows that it affects 
not only the durability of the timber but also its strength. This 
is also borne out by the observation of practical men who handle 
and drive piles in large quantities. They state that they would 
depend more on an inferior kind of timber that is cut in winter 
when the sap is down, than on the higher grades of timber, not 
excepting white oak, if cut in summer. 

Also, although there are many specifications as to the kinds of 
wood permissible for use as piles, the well-established rule is that 
any kind of pile that successfully stands modern pile-dri\'ing 
methods with heavy machinery, will support the safe load that 
it is designed to receive in an ordinary pile foundation. The 
quality of a pile can usually be judged by the behavior of its 
head under moderate driving. As driving progresses, the con- 
dition of the head also gives some indication of the action of the 
pile below the surface. 

The Building Code of New York City requires that the distance 
between the centers of wooden piles shall be at least 24 in. Piles 
shall, except when they are used as foundations for wooden frame 
structures over submerged or marsh lands, be cut off below the 
permanent water level. The maximum allowable load on a 
wooden pile having a G-in. point shall be 15 tons; on a pde having 
a point of 8 in. or over, the maximum allowable load shall be 
20 tons. 

50. Kjnds of Wood Commercially Available for Foimdation 
Piling, — The kinds of wood commercially available for founda- 
tion piLing varies in different portions of the country. In the 
Middle West, cypress, tamarack, and mixed hardwood may be 
obtained in lengths up to 50 and even to 60 ft. In yellow pine, 
piles may be obtained generally in rather limited quantities up 
to 90 ft. long. Oregon fir piles, which come in long lengths, are 
seldom used in the Middle West as the fr^^t rate for ih.& long 
haul is proMMMve. 
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111 the East, yellow pine is easily obtainable in the longer 
lengths from the Southern states. For shorter piling various 
woods from the middle Southern states are often employed. 

The hardest piles are white oak and some collateral varieties. 

Mixed hardwood piles stand second in the list. These com- 
prise oak, gum, elm, maple, beech, bii*ch, hickory, pecan, ash, 
sycamore, locust, and chestnut. 

The semihard woods comprise cypress, tamarack, and long- 
leaf yellow pine. 

The soft woods include cottonwood, willow, poplar, cucumber, 
basswood, hemlock, and w'hite pine. 

Yellow pine and cypress, in addition to their availability in 
the market, are most suitable for pile foundations, as they are 
straight, well bodied, and free from large branches, and can be 
obtained in long lengths. 

Oak piles are hard and tough, and stand driving well, but are 
not so straight and smooth and generally not so well bodied, as 
they usually do not hold their diameters in proportion to the 
lengths as pine piles do, being generally overlarge at the bole or 
butt end as compared to pine pOes and ha\T.ng a tendency to rtm 
under size at the top. They have the added disadvantage of 
sinking in water unless rafted to lighter piles or timbers. They 
are chiefly used for dock wwk, trestles, etc., as in addition to 
durability against weather they stand boring and holding by 
anchor rods, driftbolts, and screw bolting better than the softer 
woods allow'ahle for pile foundations. 

51. Sizes of Piles. — Although large, full-bodied piles are more 
and more difficult to obtain, owing to the exhausting of our forest 
products, minimum specifications naturally receive most atten- 
tion. As to maximum specifiications, the diameter that piles may 
not exceed is generailj^ given at 20 in. since the clearance between 
the leads of the pile driver is about 22 in. The 1936 specifications 
of the American Railway Engineering i^ssociation divide wooden 
piles into two claves: first and second. The first group includes 
white oak, the cedars, cypress, redwood, longleaf pine, and 
I>ou^his fir. The second cla^ includes any suitable limber that 
will stand driving. Serond-class pil^ are limited in use to 
foimdarioEMs where they will be continuously submei^ed or to 
coffierdams and other tenaporarj strucfaiim. 
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First-class piles should be cut from sound trec^s, above the 
ground swell and, unless othermse specified, should be cut when 
the sap is down. They should be free from ring shakes, unsound 
spots or knots, and short bends. All knots should be trimmed 
close to the body and the piles peeled soon after cutting. The 
minimum tip diameter for lengths under 50 ft. should be 7 in. ; 
for greater lengths, at least 9 in. The minimum diameter at 
one-quarter of the length from the butt should be 12 in.; the 
maximum butt diameter should be 20 in. The piles should have 
a uniform taper. A line drawm from the center of the tip to 
the center of the butt shall lie within the body of the pile. 

For second-class piles the same requirements of butt and tip 
diameter, straightness, and taper apply. Unless specified, piles 
in this class do not have to be peeled. 

The question of removing bark from piles has been much dis- 
cussed. Many experienced men feel that the bark, because of its 
roughness, develops more frictional resistance. An extreme case 
was cited of pulling piles some years ago from the foundations of 
the burned low^a Elevator on the Chicago River. Between SOO 
and 900 hardwood foundation piles that had been in place for 
about 30 years were pidled out clean, lea\’ing the bark in the 
ground. This was mentioned to indicate the intense friction 
developed betw^een the bark and the ground. 

The 1937 Standard Specifications of the American Society for 
Testing Materials divide timber piles into three classes according 
to their use. Class A piles are for heavy railroad bridges and 
trestles. Class B piles are used for docks, ^vharves, highway 
work, and general construction. Class C are for use in cofferdams 
and other temporary work or in foundation 'work where they will 
always be completely submerged. 

Ordinarily, the length of piles used in construction varies from 
20 to 40 ft. Under certain circumstances much longer lengths 
are used. Single sticks 175 ft. long have been used in marine 
work on the West coast, and similar piles 135 ft. long were used 
on work in the Columbia River. Piles 135 ft. long having a butt 
diameter of about 30 in. were used on the Baton Rouge Bridge. 

52. Pile -driving Procedure. — ^The operation of pile dri'ving 
may be defined as fordbog a pile into a definite portion in* tl» 
grO'Und without previoiji®' extmvatiO'H. is accomplistied by 
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the use of either drop hammers or steam hammers. The steam 
hammer may be either single or double acting. The pile, 
together \\ith the necessary equipment, is termed a pile driver. 

The operation may be most readily illustrated by the case in 
which a timber pile is driven vertically into the ground by a drop 
hammer. When piles have been delivered to the site vithin 
reach of one of the hoisting lines of the pile driver, this pile line is 
made fast to a pile at its head and first dragged, if necessary, 
near the front of the pile driver, and then hoisted until it is sus- 
pended in air. It is then placed and held between the high 
parallel members of the pile driver, known as the “leads’^ or 
“guides,” in which the hammer slides and is guided in its move- 
ments. Next the pile is lowered till its tip rests on the ground, 
and the pile hammer, which had been hoisted out of the way, is 
now lowered gently to rest on the head of the pile. Generally in 
soft ground the pile runs a little under the weight of the hammer. 
The pile line is then released and actual druung begins; that 
is, the hammer is raised and released, and at each fall strikes the 
head of the pile, continuing until the required penetration is 
reached. 

It is evident that some of the work done by the falling hammer 
is consumed in friction, in crushing or brooming and hitting the 
head of the pUe, and in compressing the pile and the soil at its 
point and the hammer itself, while the remainder causes the 
penetration of the pile. WTien steam hammers are used, the 
hammer rests on the top of the pile or may be held in place by 
cable lines from a crane or other equipment (see Fig. 31a). 

63. Pile Drivers. — A pile driver is an outfit or apparatus for 
driving pOes. It is characterized by the leads — sometimes called 
“leaders” — which are upright parallel members supporting the 
pulleys or sheaves used to hoist the hammer and piles and to 
guide the movements of the hammer. Leaders may be of steel 
or wood. In the latter case the inside surface is generally lined 
with iron channels to reduce friction and wear. Steel leaders are 
not used so much as wooden leaders, although they answer 
safefactorily fcff special work, such as cast-in-place concrete 
pS®. In the more usual type of work the dragging and hoisting 
of a pile over rough ground sometames causes ihe pile to 

strike the leaders violently. This will deform steel leads^ more 
quickly ^sm. I|» more ^rmgy woodmi -ones. 'The steel leaders 
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are also more apt to shake loose at the joints from hard driving 
than the wooden frames and are not so much favored for general 
utility purposes. 

Pile drivers designed primarily for pile driving alone may he 
divided into three groups: the floating pile driver, the skid pile 
driver, and the track pile driver. 



Fig. 27. — ^Floating pile driver. 

On floating pile drivers the tops of the leads are usually 
arranged so that pulling blocks or falls may be set in place for 
the purpose of pulling round timber piles and wood or sheet piles, 
as in cofferdams for bridge foundations or for removing old docks. 
The buoyancy of the hull of the pile driver is thus employed to 
pull out piles. A standard type of fioaling pile driver fitted 
with a large hf eEuemsan-^Tcs^^ donble-actang stewDOi hammer for 
driving foundation piles for |aer coiistoreticm. Is ^own in 27, 
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The pile-driver leads are braced in position by back stays and 
bv horizontal and diagonal members to form the tower, the v o e 
resting on a bed frame of horizontal sUls, which general y 
far enough back to carry the hoisting engine and boiler. This 
whole outfit is then mounted direct either on rollers or on a 



Fig. 28 a. — S kid pEe driver. 


rumtable set on rollere. When mounted on rollers, the driver is 
moved adewise on rollers by winding with the engine on the 
chains shown at the ends of rollers. To move forward or back, 
the chain is run to some intervmiing object in the direction of 
proposed txav^ and beyond it, so that when the en^ne winds the 
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chain, it sines the end roller around as desired. This operation 
is then repeated for the other end of the roller. 

When the skids are mounted on a turntable, the driver is 
tnown as a turntable pile driver. Figure 2SA shows a turntable 
rig equipped with outrig batter leads suspended from the main 



Fig. 28 B. — Skid pile driver on cofferdam. 


vertical fixed leads and the hammer arranged to drive batter 
piles. Figure 28B shows a land pile driver mooted on rails on 
top of a cofferdam driving foundation piles within the cofferdam. 
Both these drivers are equipped with heavy McKieman-Terr>" 
hammers. 
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Track pile drivers for railroad service have been developed to 
a high degree of efficiency. They are usually the turntable or 
s^\iveling type and are mounted on a railroad car. A crane using 
hanging leads is showm driving monotube piles in Fig. 28C7. They 
are used largely on trestlework and track elevation projects for 
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equipment may serve many other purposes in the construction 
field when not employed in pile driving. 

A crane equipped with wooden hanging leads and mounted cm 
a barge for driving steel sheet piling is shown in Fig. 29 A. A 
crawler crane equipped with steel hanging leads is shown in 
Fig. 29B dri\dng concrete piles for an overpass foundation. Both 
these drivers are equipped with IVIcKiernan-Terry double-acting 
steam hammers. 

54. Drop Hammers. — The drop hammer is that type of pile 
hammer which is raised by a rope or steel cable and then allowed 


Fig. 29^. — Crane with wooden hanging lead^. 


to drop. Its essential features consist of the following: a solid 
casting with jaws on each side that fit into the guides of the 
pile-driver leads; a pin near the top for attaching the hoisting rope 
or nippers, as the case may be; a broad base on which it strikes 
the pile, the idea being to keep the center of gra^dty of the 
hammer as low as possible. 

In modem drop-hammer design the hammer is made as long 
as practicable to increase the bearing in the leads, and all comers 
are rounded. The jaws are given as little play as practicable in 
order to reduce the jar on the driver when a blow is delivered to 
the pile. The bottom of the base of the hammer is made slightly 
concave when the hammer is to be used to strike the head of the 
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pile directly. When a pile cap is to be used, the base of the 
hammer is made flat. 

The weight of drop hammers used in the United States to drive 
wooden piles varies from 2,000 to 4,000 lb., the latter weight of 
hammer being about 7 ft. high. For very short piles a weight 



Fig. 29B , — Crane with steel hanging leads. 


as low as 500 lb. is sometimes used- The weight of hammer to 
be used depends upon the length and size of the piles and the 
character of the ground to be driven through. Most contractors 
have a number of mms to select from for ihe varying conditions 
oi work. Hcilow hamm^^ are sometimes used, so that 
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they may be loaded within a limitable range to give the varying 
weights. The fundamental considerations in the selection of a 
hammer are its weight in relation to the weight of the pile, its 
resistance to penetration, and the velocity of the ram at the 
instant of contact with the pile. A low’ velocity is more effective 
in transferring kinetic energy to the pile. The trend in mcKiern 
manufacture is tow’ard hea\ier hammers that develop sufficic^nt 
energy’ with low’er velocities. Some city building codes specify 
the allow’able foot-pounds per blow'. 

55. Steam Ham m ers. — The steam pile hammer is one that is 
automatically raised and then dropped a short distance by means 
of a steam cylinder and piston held in a frame in the leaders of 
the pile driver so that it follow’s the pile dowm in driving. James 
Nasmj'th of England invented the first steam hammer about 
1850. In the United States the Vulcan Iron Works of Chicago 
has been building, the steam hammer now' know'n as the War- 
rington Vulcan hammer for more than half a century w'ith con- 
tinuous improvements. 

Steam hammers are of tw'o general classes: single-acting and 
double-acting. The single-acting is the older and better known 
type. Steam pressure conveyed from the boiler of the pile driver 
by a steam hose is used to raise the striking part of the hammer, 
w'hich then falls by gratyty. The force of the blow’ depends upon 
the length of the stroke and the w'eight of the movable part. The 
number of blow^s per minute depends upon the steam pressure, 
varying from 50 to 60 per minute. 

In the second class of hammers — the double-acting — steam 
pressure raises the hammer and also assists the action of gra^'ity 
on the dovm stroke. The force of the blow’ and its rapidity 
depend upon the steam pressure. The double-acting hammer is 
lighter, more compact, takes up less room in the leads, and oper- 
ates with more rapidity than the single-acting steam hammer. 
Examples of double-acting steam hammers are the ^McKiernan- 
Terry, Industrial, Browmhoist, and the Warrington Vulcan. The 
super vulcan hammer is similar to the double-acting hammer but 
differs in that the steam below the piston is not exhausted and 
the pressure is held constant. Most modem hammers utilize 
compressed air as well as steam. Figure 30 shows a section of a 
McKieman-Terry Corporation double-acting pile hammer. The 
smaller sizes are used mostly for driving light piling and have no 
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place in foundation piling work where the largest hammer 
practicable is generally the most efiScient. The double-acting 
hammer in general delivers 100 to 120 blows per minute, or about 
double the number of the single-acting hammer. 



In driving wooden piles, the steam hammer rests with its 
frame upon the pile, the pile head being trimmed to fit into the 
recess or base of the frame, the frame having on its sides angles or 
channels that engs^ the leads in tlie driver. In turn, the frame 
guid^ the hammer movement. In some mak^ of hammer the 
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frame entirely encases the striking part. The dead weight of the 
frame generally is many times the weight of the striking part anti 
also much heavier compared to a drop hammer used under the 
same circumstances; hence it helps to keep the pile in motion 



Fig. 31 a — ^Large double-acting steam hammer with pipe-sleeve attachment. 


after it is started by the blow. As the blows follow rapidly, the 
pile is kept in continual motion, which is an important aid. The 
small vibration set up in the pile also assists its penetration. 

Figure 31 A shows a large McKleman-Terry double-acting 
steam hammer, suspended from the boom attachment of a pile 




Fig. 31B’. — Special heavy double-acting McKiemaxi Terry steam bammer. 


to drive large during the construction at the Ludlow 

Ferry Bridge on the Potomac River. Some of these piles were 
175 ft. long and were driven to a penetration of 165 ft. The 
hammer was submerged as much as 80 ft. when driving these 
long sections. 

56. I>ro|> and ^seain Harntnex^ Compared. — ^The advantages 
of the steam hammer over the drop hammer are as follows: 
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1. The pile is kept in position more firmly and guided better in driving. 

2. Damaging the pile by brooming and splitting is more apt to be avoidtHl, 
as piles must be 'headed more often with a drop hammer owing to this 
cause. The use of softer woods for piling is thus allowed with a steam 
hammer. 

3. Driving is equally effective for any position of the piling in the leads. 

4. A pile may be driven several feet (with mine hammers 7 or 8 ft.) 
below the bottom of the fixed leads without the use of extension lea«is 
or a follower. This often saves several feet of pile length. This is impor- 
tant when material is expensive, since in the longer lengths of piles the 
owner pays not alone for the extra length, but an additional price for every 
foot of the pile as compared to a shorter pile. This also saves the expense 
of cutting off piles. 

5. The rapidity of action keeps the pile in motion in all but the hardest 
drH’ing, and as in foundation work almost ever>' foot of the pile must 
be driven, compared to driving a pile in water, it means faster work. In a 
foundation three piles can usually be driven with a steam hammer while 
one is being driven with a drop hammer, because much time is lost in 
hoisting the drop hammer between blows. 

6. It can be used in places and under conditions where a drop hammer 
cannot be used successfully. 

7. Less injury is caused to adjacent foundations and less breaking nf 
glass and cracking of plaster in near-by buildings. 

8. Less w'ear occurs on the leads and less injury to ruaehinery on the 
track and other mounted pile drivers. 

In the Great Lakes district, where thick layers of clay cover bed- 
rock or hardpan, steam pile hammers are used almost e.xclusively. 

In lake work, however, or generally in water work, the drop 
hammer is preferred for several reasons. Among these are the 
follomng: 

The drop hammer is best on easy dritdng. This is usually 
the case in water work, as the distance driven into the ground is 
less than in foundations. Also, on water work the tops of the 
piles are generally left at 4 to 5 ft. above the water surface; hence 
the advantage of a steam hammer that can drive below the 
leads is not necessary. In fact, the steam hammer is so heavy, 
weighing generally about 5 tons as against 2 tons for a drop 
hammer, that its position of leverage in the leads when on a hull 
puts the ordinary pile-driver scow down by the head, so that it is 
impossible to leave piles standing 5 to 6 ft. out of water. Also, in 
varied work, where it is often necessary to take the steam hammer 
in and out of the leads and substitute a drop hammer, or vice 
versa, the weight of the steam hammer (generally about 5 tons for 
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driving wooden piles) is required to be handled, and a safe and 
strong place must be provided to receive the hamraer. For these 
reasons, changing from a steam hammer to a drop hammer gen^ 
erally consumes 1 to IH hr. of a crew’s time and is therefore 
expensive and hence objectionable. 

Another objection to the steam hammer in such work as pile 
piers is that it generally consists of close-driven lines of piles 
on which the sides of the steam hammer will catch unless the 
work is done by backing away instead of working the driver side- 
ways, as is the usual practice. In dri\dng foundation piles, the 
spacing of piles, which is never closer than 2J^ to 3 ft., does not 
render this feature of the steam hammer objectionable. 

57. Reducing Tendency to Lateral Movement of Pile. — The 
butt of a pile should always be cut off square, so that the impact 
of the hammer may be distributed uniformly over the surface. 
Since the butt end tends to change its position slightly in the 
leads during drmng, it has been found advantageous to make the 
lower surface of the drop hammer slighth" concave. This profu- 
sion counteracts the tendency toward lateral movement of the 
pile to some degree. 

58. Protecting Pile Head. — To prevent splitting and reduce 
brooming, the head of a pile may be hooped with a pile ring, to 
receive wliieh the pile is neatl 3 " chamfered down so that the 
first blow of the pile hammer puts the ring in place. The rings 
range in size from 2X?^ia. to4Xlm. The diameters, of 
course, vary to suit the different sizes of piles. They are made of 
the best quality of wrought iron and generally last to drive about 
100 oak piles and about twice that man^^ soft wood piles. To 
remove the ring, a cant hook is used alone, or with the pile line 
attached to apply steam power. When a pile brooms too much 
in spite of the ring, the remedy is to saw off the broomed portion 
to a solid surface and replace the ring. 

A more modem, more effective, and less expensive method of 
protecting a pile head is the use of a device known as Casgrain's 
pEe cap. The chamfered head of the pEe fits into a tapered 
rec^ in the bottom of a separate casting below the drop ham- 
mer, and a short cushion block of wood, preferably oak, is fitted 
into an upper rece^. A rope mat is sometime used. The cap 
has jaws on its adm to engage Hie pEe-driver leads like the ham- 
mer itsdff, and so holdb the hmd. of i&e pEe in pc«Hon and guid^ 
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it in driving. After the pile is driven, the cap is hm>ked to the 
hammer casting and is raised with the hammer. 

In pile pier and pile breakwater work in the Great Lakeys dis- 
trict, neither a ring nor the more modern cap or bonnet is used 
mth a drop hammer, as the use of the bonnet consumes a lot of 
time. When a pile is dropped to the bottom to begin driving, it 
generally’' is easily controlled by the two loader men using toggles 
or car stakes to pry the pile into line for driving. Another dis- 
advantage is that the Casgrain caps or similar styles of bonnet 
have a tendency to jump off a pile and are easih' lost in lake work. 
On river work where dock lines are to be driven, a bonnet is 
often used to control the drimng of a pile. In such eases, in 
addition to its usual hooking arrangement, a line is put around 
it, passing over the top of the hammer, so that if the bonnet or 
cap jumps off into the water it can be reclaimed. A bonnet 
is similarly employed when piles are driven on a slope and have a 
tendency to drive away from the hammer. 

Sometimes a fiat steel plate is spiked on the pile head to receive 
the blow. Another device is a dished or cup striking plate for 
the same purpose. A still better arrangement is used with some 
makes of steam hammers ; for example, the well-known Warring- 
ton steam hammer is often provided with a so-called “ McDermid 
patent base’’ in which a recess is provided for a forged plate 
about 2 in. thick, called a “beating plate,” which is inserted 
through a slot in the side, covered by a slide to hold it in place, 
thus avoiding the danger to the crew that occurs with a separate 
plate. As the slot that takes the beating plate is A in. high and 
as the plate is pushed to the top of the slot in driving, the top 
of the pile sometimes brooms up, particularly in hard driving, 
and fills the lower part of the slot with wood fiber, which makes 
it difficult to get the base off the pile. 

Some makes of steam hammers are equipped with an anvil 
block in their base, which rests upon the pile. 

69. Followers. — If a pile is to be driven below the leads or 
below the ground or water surface, a follower is usually employed. 
Briefly, it is a member interposed between the hammer and the 
pile to transmit blows to the pile when the latter is out of the 
leads. One of the simplest forms is a short pile or dolly of white 
oak, with a projecting band of iron on its lower end to keep it on 
the pile head. A cylindrical casting, with a horizontal division 
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or web in the middle is often employed, one portion of the casting 
Ix^ing bolted to the follower or sometimes having an extra 
strong pipe cast in it to avoid the use of bolts, while the other end 
fits over the pile head. The upper end of the follower is held in 
position by the recessed base of the steam hammer, or by a pile 
cap if a drop hammer is being u.sed. A follower absorbs a com 
siderable portion of the energy of the hammer — sometimes as 
much as 50 per cent. As a follower is apt to stick in the ground, 
particularly in clayey soils, the practical limit of following is 
alwiit 5 ft. Some patented followers have built-in pipes by 
which steam or compressed air may be introduced to release 
them. 

The driving of piles for the bridge piers in the ^Maumee River 
at Toledo, by means of a long wooden follower working inside 
a large iron pipe used as a guide, is a rather unusual illus- 
tration of the use of a simple follower. 

60. Blunt vs. Pointed Piles. — The foot of a timber pile should 
be cut off perpendicular to its axis to facilitate driving it true 
to line or position. In soft ground where driving is easy, it is 
hardly necessary to sharpen or point the pile. If it penetrates 
soft material and rest.s upon hard stratum so as to act as a column, 
a blunt end has the additional advantage of providing larger 
bearing area. Great care should be used in the latter case to 
prevent overdriving, which will shatter or crush the foot of a pile 
and seriously impair its supporting power. 

In driving a pile with a blunt end, a cone of compressed earth 
forms under it and acts to a large extent as if the foot were 
pointed. Some e.xperienced pile-driving men claim that even in 
dri\dng through hard material, a blunt pile will keep more nearly 
to position than a pointed one. In hard material or in driving 
on a slope, pointing is necessary". The pile should be sharpened 
to the form of a truncated pyramid, the end being 4 to 6 in. 
square. The length of the point should be about twice the diam- 
eter of the foot. In compact material, the bearing power is 
practically the same with a point as without. In driving 
through debris or old grillage, etc., it is well to point piles for 
successful driving or even to use metal shoes- 

61. Pile Shoes. — Many engineers and contractors condemn the 
uae of pile Aoes on the basis that they are not needed in soft 
driving, and that in difficult material the Aoe strips off from the 
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unevenness of the point of application in hard driving. Pile shoes 
are difficult to fit properly to a pile and probably are condemned 
mostly as a loss of time Metal pile shoes, so attached that 
they act as an integral part of the pile, are sometimes used on 
piles that are driven in soils containing boulders, riprap, deposits 
of coarse gravel, or very hard clay. They likewise prove 
advantageous in furnishing grips for falsework piles on rock 
bottom. 

62. Driving Piles with Butt Downward. — Although it is the 
general practice to drive piles with the tip downward, special 
conditions occasionally make it advisable to drive them with the 
butt downward. In very soft ground, the larger area afforded 
by the butt of the pile will often be found to carrj- the load. 
Another condition occurs when it is difficult to keep a pile down 
after being struck by the hammer. The pile begins at once to 
rise, lifting the hammer with it, and may even shoot up into the 
air ’when the hammer is raised. A typical instance is in driving 
range piles in deep water for dumping of stone core for l>reak- 
water projects, etc.; in such cases the range piles are so affected 
by the buoyancy of the deep water as to make it necessary to 
drive them butt down. 

63. Splicing Piles. — It is sometimes iiecessarv' to use longer 
piles than can be obtained in the single sticks. For this purpose, 
two piles may be spliced together end to end by timber fishplates 
bolted on four sides of the piles, or a metal sleeve may be used in 
the form of a heavy pipe. Half lap joints fastened with bolts 
generally prove unsatisfactory because of the lack of lateral 
strength and stiffness. However, in swampy ground, one pile 
is sometimes driven on top of another with only an iron dowel 
pin connecting the two. 

Pile splices are sometimes used where piles can be driven only 
in short sections owing to limited headroom. But in general, this 
is more apt to be the ca^ with steel sheeting inside of buildings, 
for pits, wells, shafts, etc., than for foundation piles. 

To increase the area of contact and the cross section of the 
pile timber, sticks may be bolted around the circumference of the 
pile. Such a pile is termed a “lagged pile.” It is believed 
that settlement is less where lagged piles are used. 

64. Cutting Off Piles. — In water work, the cutting off of pffes 
is done with a circular saw mounted on a vertical shaft, which 
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may be operated in the leads of a pile driver by the pile-driver 
equipment. 

In the average land foundation, also in cofferdams, where the 
piles are cut off after the excavation and pumping are done, the 
ordinary crosscut saw, cut into half lengths, tending to make it 
short enough not to interfere with adjacent piles and to work in 
the comers, is found to be economicaL Where piles are subjected 
to tide water, they are usually cut off at half-tide level. This 
practice assumes that the pile will be kept continuously wet by 
the rise and fall of the tide. Piles in land foundations should be 
cut off below ground-water level. Serious damage to pile 
foundations has resulted from the lowering of the ground-water 
table, and many pile foundations have had to be replaced. 

65. Preservation of Piling. — Chemical preservation of piles 
usually is not a factor in pile foundations for buildings, where the 
wooden piles can generally be cut off at ground-water level and 
thereb^^ indefinitely preserved. There is a tendency, however, 
to use creosoted piles in dock foundations and there is, of course, 
in general, urgent neces.sity for creosoting in ocean districts 
vrhere the teredo is active — for instance, on the Pacific, the South 
and East Atlantic, and the Gulf coasts and tributaries. The 
higher the water temperature, the more active the teredo. As 
knots cannot be well creosoted, the teredo is likely to enter the 
pile at such places and damage it. Hence, the tendency lately is 
toward a concrete armor on untreated wooden piles, this outer 
covering of concrete extending from just below^ the ground line 
to the high-water line. \^Tiere piles are to be placed entirely 
by jetting and hence are not jarred by driving, a protection made 
by cement-gun work on wire-mesh reinforcement around a 
wooden pile is found effective- Sectional jackets of concrete or 
vitrified clay pipe are sometimes used. Jackets may also be 
applied to piles already capped by using half sections held together 
with special clamps. The space within may be filled with sand 
or concrete- Protective pipes, such as corrugated iron pipe, 
may be placed over the pile and forced into the mud bottom, 
and the space between it and the pile filled with concrete or sand. 
Various kinds of metal sheeting have also been used. 

Inasmuch as the marine borers are active only in salt water, 
there seems very little reason for employing creosoted piles in 
foundataons in other districts, considering also the delay and 
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additional expense of the process. But railroad companies 
seem to favor creosoted piles for docks and foundations in 
various districts through the United States. Although a creo- 
soted round pile behaves the same as an untreated pile in driving, 
experience shows that pine sheeting for docks when creosoted 
breaks more easily under the hammer than if untreated. The 
brittleness appears to be due to the creosoting process. In the 
Great Lakes district the portion of timber docks above water, 
i.e., the round piles, timber, and sheet piling, is often treated 
with several applications of crude oil. This appears to lengthen 
the life of the timber considerably. The life of untreated and 
unprotected timber piles in waters where the Teredo and Limnoria 
are active varies from one to two years dependent upon the tem- 
perature of the w^ater, kind of wood, and other factors. The 
effective or useful life may be much less. For more detailed 
information and specifications for chemical treatment and other 
methods used for preservation of wood, reference is made to the 
Proceedings of the American Railway Engineering Association, 
An exhaustive stud^^ of marine borers and their relation to marine 
construction wus made by the San Francisco Bay ■Marine Piling 
Committee in cooperation mth the National Research Council 
and the American Wood Preservers Association.^ 

66. Order in Which Piles Should Be Driven. — In driving a 
foundation, particularly when it contains a large numl>er of piles 
rather closely spaced, driving should always progress toward the 
line of least resistance; for instance, away from an existing 
building — not toward it — ^and toward a river or lake — not 
away from it. Instances may be recalled of pile foundation 
piers near rivers that were driven first and the main foundation 
landwards of them driven later. In such cases, it was generally 
found that the river piers were forced outward by the later 
driving. 

Where there is no apparent direction of least resistance, say for 
instance in driving the foundation of a large gas holder in an 
inland situation, the inner circle of piles should be driven first 
and progress made outward over the entire area. A po^ible 
exception to this general rule may be the case of such soft ground 
that the outer piles should, of necessity, be driven first and the 

1 CJopies of the fina.! report axe sold by the University of California Pr^, 
Berkeley, CaHforoia. 
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inner piles last, in order to develop ail the friction possible. In 
such cases, this will be recognized as a combination of dri’vdng 
and setting piles. In ordinary cases, however, this procedure 
would show its effect by the heaving of the enclosed ground 
and the possible raising of piles already driven. The heaving of 
ground Iw^tween piles is a different proposition, and allowance 
should be made for this in elastic soil, such as potter’s clay or 
water4>earing clay that has no outlet for water. The amount 
of heaving is, of course, more or less a guess and depends upon 
the number of piles driven, their spacing, and also the character 
of the soil as shown by previous experience in similar cases. But 
it is generally customary to make the general excavation about 
1 to 2 ft. deeper than shown on the plans to allow for hea'vnng 
and to avoid the expense of excavating later the soil compacted 
by driving, and particularly from digging out between piles, 
which means hand labor. 

67. Lateral Springing of Pile. — In driving piles in some kinds 
of clay, the lateral springing of the pile under the hammer blows 
makes a hole slightly larger than the diameter of the pile; in a 
foundation this allows surface water to find its way to the foot of 
the pile and thus reduces both the skin friction and the bearing 
value of the clay under the foot of the pile. At times it causes 
settlement of piles under heavy loads, particularly moving loads. 
A point xeTY important and often overlooked in bridge founda- 
tion work is that comparatively small leaks from river water, etc., 
following down a pile often make trouble in a cofferdam or 
shaft. 

68. Use of Water Jet in Driving Piles. — ^The use of a water 
Jet in pile-driving operations differs radically in principle from 
driving with a hammer. Briefly, it consists in displacing the 
material at the proposed location of the pile by means of one or 
more water Jets. 

Although the water Jet may be used to advantage in any mate- 
rial that will settle around the pile after the Jet is withdrawn, the 
best r^ults are obtained in pure river, lake, or ocean sand. The 
simplest form of single jet under moderate pressure will generally 
answer in such eonditions. It takes but little time to s ink the Jet 
and the pile, the sand packs around the pile quickly after it is in 
place, and very little driving with the hammer is needed except 
in the case of a clay or harder bottom beneath the sand, 
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driving by tbe usual methods is neeessarv' to p>enetrate tliese 
lower strata. 

Although the w^ater jet gives good results in driving piles in 
mixtures of sand, silt, and gravel, and also gives fair results in 
loam, marl, and even in some clays and harder materials, con- 
tractors continuously using the water jet find that its greatest 
field is in pure sand. When it is considered that sand offers a 
high resistance to a pile driven wdth a hammer alone, the priin ipl«‘ 
of the w^ater jet is therefore highly valuable in this material. 
With a jet a pile may be sunk in sand without injury, while, on 
account of the long and heavy pounding necessary to get it 
down, it is difficult to avoid injuring a pile driven into sand 
without the aid of a jet. The time saved as against the slow 
process of driving with a hammer in sand is astonishing. Tlie 
energy saved is also considerable. 

In using a water jet the quantity of water is more important 
than the velocity. The velocity should be enough to exeavatt* 
the sand and make it alive and quick, while the volume of water 
should be sufficient to force the water to escape by rising to the 
surface and bringing material wfith it. As one pile-dri\'er oper- 
ator expressed it, the trick is to make a hole in the sand the length 
and the diameter of the pile, then pull out the jet and drop the pile 
into the hole. In pure sand most experienced operators of the 
jet never drop the pile with the jet. Thej” shove the jet down 
first, haul it up, and then drop the pile in place. If clay underlies 
the sand, they do not try to jet into the clay stratum. As soon as 
the nozzle of the jet strikes the clay, it jumps. This is the 
operator's signal to pull it up, as it is no use to pump farther, 
because the clay will clog the jet. Straight driving into the cla\ 
is then resorted to after the pile is set in the sand. 

The single jet equipment for water-jetting successfully in sand 
generalW consists of a straight iron or steel pipe about 212 iii. in 
diameter, connected by a flexible hose of the same diameter to the 
discharge end of a force pump, which provides water under pres- 
sure of about 100 lb. The pump is operated by steam generated 
from the boiler of the pile driver or in somts eases by a separate 
steam supply. 

To increase the velocity of the water and thus loc^en the sand 
or earth, the lower or free end of the pipe is generally drawn down 
to form a nozzle. Nozzling down to 1 }^ to in. in diameter is 
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found to get the best results. One of the great mistakes in the use 
of a water Jet is to employ too small a pipe or to nozzle it down too 
much. Often the using of too small a pump spoils the results, as 
quantity of water is essential. It is also important that the pile 
and the jet be kept in motion to avoid “freezing.'' This is due 
to material settling around the pile or the jet pipe. Some jets 
are equipped with pressure controls that enable the operator to 
lower, raise, or hold the jet in a given position by controlling 
the direction of pressure. Inadequate equipment is probably 
one of the main reasons why the water jet process has not 
come into more extensive use in pile-driving practice. In dri\dng 
through gravel greater water pressures are needed than mentioned 
for sand. In such cases the water jet often washes out any sand 
and small gravel and leaves the larger material — often cobble- 
stones — to settle in the hole and interfere with the driving of the 
pile. Sometimes this can be remedied by increasing the volume 
and pressure of the water. The movement of water in jetting 
appears to be confined to a small radius horizontally — much less 
than the usual 21 2 - to 3-ft. spacing allowed by good practice for 
the driving of wooden piles in foundations; this is, of course, 
important as it does not affect adjacent piles during construction. 

For jetting concrete piles the jet pipe is often cast in the center 
of the pile to deliver water to the foot of the pile in order to 
displace material there; also, side jets running from the center 
edges are often cast in the pile to assist further in floating the 
material and in reducing surface friction. 

The use of a water jet is especially valuable in driving concrete 
piles, not only to save the energj’- and time required to drive long 
and heavy piles but also to avoid possible injury to the pile by 
the use of the hammer. It is evident that this method is par- 
ticularly suitable where precast concrete piles are placed in 
sand, quicksands, or light gravels. 

69. Number of Piles That Can Be Driven in a Day. — ^The num- 
ber of timber piles that can be driven in a day by one pile-driver 
crew depends upon many factors. The result is affected by the 
laze of the piles; the distance apart the pil^ are driven; the depth 
to which the pil^ are driven; the kind of groimd encountered; 
whether soft driving or hard; the kind of hammer used; whether 
drop hammer or hammer; the weight of hammer relative 

to the weight of pile; whether a water jet is employed or not; the 
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training and expt:rience of the crew; the kind and condition of 
the pile-driving equipment; and the experience or nonex|X‘rienee 
of the inspectors directing the pile driving for the owners. 

The spacing of the piles is not usually given the attention it 
deserves in considering pile-driving output, as moving of the pile 
driver from one position to another where the piles are spaced far 
apart consumes a large part of the working time. This and the 
snaking of piles to the leader, setting the driver in exact position, 
placing the pile in the leads, etc., also take more time than is 
usually realized unless time studies are made. 

As to maximum performance per day in pile driving, many 
records can be cited of 100, and even in exceptional casf^s as high 
as 200, piles driven by one outfit and crew in a 10-hr. da\'. Dur- 
ing the First World War it was reported that 220 piles, each 
65 ft. long, were driven during one shift of 9 hr. at one of the 
shipyards constructed on the Atlantic coast. 

The maximum performance is, however, grossly misleading as 
compared to the average number of piles driven per day over a 
long period. A large contracting organization that drives thou- 
sands of piles every year and operates o\'er a large territory with 
varying conditions of ground formation gives 30 to 35 foundation 
piles as its average output per day of 8 hr. This is under 
average conditions from clay driving to jetting and driving. 
On many days 40 to 60 piles are driven, but the one or two days 
in the month when onh^ 20 piles, or perhaps fewer, are driven, 
cuts down the average to the 30 or 35 piles stated, which they 
consider good progress and can be exceeded only under excep- 
tional conditions. Within ordinary limits the length of piles 
does not greatly affect the number of piles that can be driven in a 
day. Ordinarily speaking, about as many 40-ft. piles can be 
driven in a day as 35-ft. piles; in other words, the driving of the 
additional length is not the limiting cause, but rather the moving 
around and the setting of driver in exact position for driving, the 
getting of piles to the driver, and other delays, exclusive of the 
actual driving. 

70. Cost of Pile Driving- — On account of the varying features 
that have been outlined previously and the great number of ele- 
ments entering into progress in pile driving, it is difficult to give 
costs that are of real value in estimating work. Statements of the 
cost of driving piles are given in the engineering periodicals and in 
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iiandbooks of cost data but are apt to be misleading unless the 
local conditions, the methods, the pile-driving equipment, and 
other factors are given in detail. Estimates on foundation piling 
are generally" stated in a price per linear foot of pile driven, the 
length of pile being considered as that measured in the leads just 
before driving. 

A rough estimate of cost of foundation piles is sometimes 
made by doubling the cost of the piles delivered at the site. 

71. Driving Foundation Piles for Bridge Piers. — In driving 
foundation piles for bridge piers inside of cofferdams the work 
is often done from the top of the cofferdam. This is not con- 
sidered good practice by the best constructors, if it can possibly 
be avoided, as it is apt to cause damage or even collapse to the 
interior bracing of the dam. It is considered much better 
practice to drive the foundation piles before the dam is closed in. 
Often the back line of the dam, consisting of piles and sheeting, 
is driven and also the sides of the dam are brought out partly or 
the entire distance; then the foundation piles are driven with a 
floating driver, if possible, but otherwise by a land drix'er and then 
the front or remaining sides of the cofferdam are driven and the 
bracing placed. The additional cost of excavating around the 
driven piles under this method is generally a saving in the end as 
compared to the damage that might be done to a large and deep 
cofferdam by driving from a machine placed on top of the bracing 
or by hanging leads. 

72. Use of Batter Piles in Foundations. — Batter piles, some- 
times called “spur” piles and in Europe called “slanting” piles, 
are often driven in the foundations of abutments for arch bridges 
to resist the horizontal components of the reaction. For simple 
truss or girder spans a few batter piles at each side of the pier are 
sometimes used when the weight of the pier itself does not provide 
sufficiently for effective traction. Dock walls are a more com- 
mon illustration of the emplo;^Tnent of batter piles. They are 
used in addition to the tie rods with anchor piles, and sometimes, 
although infrequently, are depended on entirely in place of 
anchor^e. 

Accidente often occur by failure to provide batter piles to 
relieve vertical pile« from such strokes. Vertical pil^ in perma- 
nent stoictet^ should be protected against the action of lateral 
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forces by the use of batter piles or other de\aces. The following 
is an illustration. 

The large powerhouse on the bank of St. Clary's River at 
Sault Ste. Marie, Michigan, was supported by vertical founda- 
tion piles of timber, which later showed lateral deflection, the 
whole structure mo\dng toward the river owing to a 20-ft. differ- 
ence of waterhead; the Lake Superior water level being brought 
to the land side of the powerhouse by means of a canal, and the 
water w’hen released at the river side being at the lower level or 
that of St. Mary’s River. As it was necessary to keep the power- 
house in operation during the reinforcing of the pile foundation, 
it was decided to drive a number of inclined shafts or struts to 
take up the hea\^ horizontal load. Tubular steel piles w^erc 
jacked by sections into the river bottom and filled with concrete 
to form large batter piles. A pile driver equipped with outrig 
batter leads is shown in Fig. 28 A. Some pile drivers are equipped 
with leads supported on a horizontal pin. These leads may be 
swmng latterly and are termed ‘^swinging” or ‘^pendulum” leads. 
Generally, the heavy steel pile drivers are equipped to drive both 
vertical and batter piles. 

CONCRJETE PILES 

Concrete piles came into use in the late years of the last cen- 
tury and their use has steadily increased since that time. They 
may be divided into tw’o main groups: precast, or premolded, 
piles and cast-in-place piles. 

The precast pile is one that is cast in a regular mold above the 
ground. After proper curing it is driven or jetted into place 
similarly to a wooden pile. These piles were first introduced in 
Europe tow^ard the close of the last century. In modern practice 
they may be divided into two general groups: the tapered pile 
and the parallel-sided pile. 

In order to withstand handling and driving stresses, precast 
piles are always reinforced with longitudinal rods in combina- 
tion with lateral reinforcement of wire hoops or spiral wrapping. 
They are generally designed for a particular job and specific con- 
ditions. Large users of concrete piles, such as railroads and high- 
way departments, have standard designs; in many cas^, under 
unusual conditions, particular deigns are made. Precast pil^ 
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are made in casting yards situated as near the work as possible. 
The cross section may be square, circular, hexagonal, or octago- 
nal. The circular section is usually made without taper. Paral- 
lel-sided precast piles are available in lengths well over 100 ft. 
and in effective diameters up to and over 30 in. Tapered piles 
are limited to about 40 ft. in length. 

Cast-in-place piles are those cast in the ground in the position 
for use in the foundation. This type of concrete pile was invented 
by A. A. Raymond and was first used in America in 1901 for 
a building foundation in Chicago. Since this type of pile is not 
subjected to handling and driving stress, it is not reinforced 
provided it is used as an ordinary foundation pile and is com- 
pletely submerged in the soil. If, however, the pile is to act as a 
column or is to be subjected to lateral forces, reinforcement is 
used. 

^Cast-in-place piles are divided into two ty^pes depending upon 
whether or not the shell is left in place. The concrete may be 
placed in a tapered, driven-in shell or in a parallel-sided shell, 
which is dropped into the drhing tube. The shell-less type may 
be placed as a parallel- or corrugated-sided shaft. They may be 
formed with a pedestal at the bottom. The shell may be driven 
with or without the use of a mandrel. 

A composite pile is usually a combination of a timber pile and 
a cast-in-place concrete pile. These are combined so that 
advantage may be taken of the good qualities of both 
materials. 

The fields of use of these types somewhat overlap. However, 
in general, precast piles are used almost exclusively in marine 
work in both fresh and salt water for docks, bulkheads, trestle 
structures, and anchorage work. Cast-in-place piles are used in 
ordinary foundation work and are sometimes used in the anchor- 
age systems for marine work. 

73. Advantages of Concrete Piles as Compared with Timber 
Piles. — As timber piles should be kept constantly submerged to 
remain pre^rved from the decay that results from alternate 
wetting and drying, they are generally cut off below the perma- 
nent grcwnd-water level in the usual run of foundation work. 
This often involve the cc^t of additional or deeper excavation. 
When the water level is lowered by change in drainage, lower- 
ing of sewers, or ©onsteictioii of subways in large cities, the 
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exposed portion of wooden piles becomes liable to rot and, tjy 
weakening, may possibly cause settlement of foundations, iii\'o!v- 
ing changes expensive to correct. 

The most important advantage of concrete piles is that they 
are equally durable in dry or wet soil, their durability l>eing 
independent of ground-water level and the rise and fall of the 
tides. Also they can be driven through rotted vegetation with- 
out the misgivings as to timber piles so employed. A concrete 
pile is not subjected to the ravages of the teredo worm; in salt 
water, infested by the limnoria or teredo, timl>er piles require 
chemical or mechanical protection, either of which is expensi\'e. 
They also have a considerable advantage over timber piles owing 
to their larger size, thus enabling a material reduction to be made 
in the number of piles required to support a given structure. 
Engineers consider the approximate loading of timljer piles 
to range from 10 to 25 tons each, while concrete piles may l>e 
loaded from 20 to 75 tons each. However, concrete piles are 
more expensive in first cost and generally are more troublesome 
and expensive to handle and drive, on account of their greater 
weight and relatively less flexural strength. They cannot be 
driven so rapidly as timber piles, but the number required may 
be enough smaller to save time as well as cost. Their use, being 
independent of ground- water level, avoids extra excavation and, 
as a direct consequence, effects a samng in masonry- walls and 
footings. This is often the largest factor of saving, particularly 
if the tops of the concrete piles can be placed more than 3 ft. 
higher than for timber piles. Less excavation and smaller foot- 
ings also save time in construction. Also, they sometimes have 
a secondary influence on the cost of the foundation by reducing 
the weight to be supported. The reduction in excavation, 
especially in depth, may lessen the amount of shoring, sheeting, 
pumping, and backfilling — items that are often difiScult to 
estimate. Therefore contractors as vrell as engineers prefer to 
eliminate them as far as possible. When reinforcement is used, 
concrete piles may be bonded in the concrete cap or grillage to 
form a monolithic substructure. All these advantages can be 
considered adequately only in the detailed design and estimate 
of cost for a given structure; but numerous examples, given in 
the engineering journals from time to lime, indicate a general 
saving in first cost, ranging from 10 to 25 per cent in the ordinary 
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foundation by using concrete piles instead of timber piles. In 
special cases savings as high as 50 per cent are sho-wm. 

Cement, sand, and stone being generally available all over the 
country, there is generally less probability of delay with concrete 
piles than in waiting for the shipment of timber piles to the site. 
This time factor is often a considerable one. As our forest 
resources are reduced, it is increasingly difficult to get the larger 
sizes of timber piles, and the quality of wood is getting poorer all 
the time. Engineers realize how difficult it is to find a fair per- 
centage of timber piles to fill all the requirements of the specifica- 
tions, particularly when the length is 50 ft. or over. However, 
with reasonable care every concrete pile can be made to comply 
fully with the specifications, and the strength improves vith age. 
It should be noted that although the safe allowable compression 
for concrete is less than for wood on the ends of the fibers, the 
loading of a pile depends more frequently upon the supporting 
capacity of the earth than on the strength of the pile itself. 
Concrete piles can often be driven through filled material, such as 
brick, stone, slag lumps, old timber crib work, or sunken canal 
boats, through which it is impossible to dri-v^e timber piles with- 
out injury. Even wiiere timber piles can be driven for some 
little depth into very hard material, concrete piles can generally 
be driven at least several feet farther. An adequate exploration 
of the soil should always be made to determine the proper length 
of piles, w'hether of timber or concrete, as failure to do so leads, 
in the first case, to w^aste of timber by excessive cutoffs and, in 
the second case, to even more serious waste of time, labor, and 
material. 

In some cities the use of concrete piles for the foundations of 
retaining walls for track elevation walls has effected a large saving 
by reducing the required width of new right of way at the high 
rates that have to be paid for such real estate. 

Examples are cited of concrete piles showing unusual flexural 
strength. During the completion of a terminal pier at Bruns- 
wick, Georgia, for steamships, a boat of 4,800 tons displacement 
was the first to arrive. In order to bring the steamer to her 
bertii in a rapidly running tide, a hawser 0 in. in circumference 
was fastened around the tenon of one unsupported concrete pile, 
about 32 ft. of which was above ground level, and hence was 
compiled to act as a cantilever. It suTOessfully withstood this 



Sec. S-743 


FOUNDATIONS 


173 


severe test. At another time a steamer ran into a pier, owing to 
misunderstanding of signals in the engine room, and broke a 
number of pine piles; but the concrete piles successfully with- 
stood the shock. 

74. Precast Piles (Patented Types). — Precast piles are 
of several distinct types; some are paten te<l but mo.st are unpat- 
ented. Among the patented types, four different examples 
are the Chenowreth, the Cummings pile, the Hennebique pile, 
and the Bignell pile. 

The Chenoweth pile (Fig, 32) w’as one of the earliest con- 
structed in America, being the invention of A. C. Chenow'eth of 
Brooklyn, New York. It is a rolled pile and is made in a special 
machine. No forms are xised. The reinforcement is arranged 
to show a spiral form in completed cro.ss section. This rein- 
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Fig. 32. — Chenoweth pile. 


forcement, consisting of longitudinal bars and wire netting, is 
assembled on a wire platform and attached by wire clips to a 
mandrel or wdnding shaft. The concrete is spread over the 
reinforcement and then, by mo\TJig the platform and at the 
same time turning the mandrel, the pile is rolled or coiled into 
cylindrical form, which is compacted and shaped by adjustable 
rollers. The head and point are afterw^ards finished with con- 
crete around projecting reinforcement, w’hen the concrete pile is 
removed to a drying table. A very dry mixture of concrete 
should be used in making this type of pHe to avoid squeezing out 
the water in rolling, as well as the deformation of the pile into an 
oval shape on the drying table. The diameter of the finished 
pile is generally about 15 in. Piles of this type up to 60 ft. in 
length have been successfully used in railroad trestles, bridge 
foundations, docks, etc. They are often east with a central hole 
to permit the use of a water jet. 

The Cummings pile distinguishes itself by the type of its rein- 
forcement, generally of wire fabric, which is electricjdly welded to 
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longitudinal rods and handled as a unit. Grooves or corrugated 
surfaces are sometinies molded in its surface to increase the pile 
surface for skin friction and also as an outlet for the escape of jet- 
ting water to reduce friction in the operation of sinking. A hole 
or central bore cast in the concrete permits the use of a water jet, 
as in the Chenoweth pile. The corrugated type of pile, which is 
said to have been developed by Frank B. Gilbreth, is distinguished 
by the semicircular corrugation of its outer surface, which greatly 
increases the surface area for frictional resistance. 

The Hennebique pile is a European type and is usually' con- 
structed as a square pile without taper and with the longitudinal 

reinforcing bars near the four 
corners, which are slightly^ bev- 
eled or chamfered. Wire binders 
tie the longitudinal bars together 
at short intervals, and a cast- 
steel shoe, forming an integral 
part of the pile at its foot, is 
generally' employ'ed. An in- 
stance of the use of this ty'pe 
of pile is in the concrete quay' at 
Key' West, Florida. These piles 
w'ere 16 to 20 in. square and 
25 to 60 ft. in length, driven 
through marl and sand into coral 
rock. 

The Bignell pile (Fig. 33) is 
called a self-sinking pile, the 
principle of jetting being em- 
ploy'ed to a high degree and 
without the aid of a hammer. 
This type of pile has its o'v^'n 
place as a foundation phe for 
structures; it has been developed and extensively used in a 
novel and successful way in the Missouri River district to con- 
nect permeable dikes in connection with river bank protection 
for the preservation of bottom lands, where rigid dikes have not 
been successful in preventing erosion during floods on account of 
the soft and shifting ground in the river banks and river bottom. 
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The pile is sunk hydraulically as one mem!>er of a system of 
current retards, constructed upstream or alongside the river bank 
that is to be protected or built up. The top of the pile is sunk 
below the bed of the river to give a permanent anchorage !>elovv 
the scouring effect of the river bed. To this anchor is attaciied, 
by steel cables, a system of interlaced brushwood, or e\’en large 
trees, which float in the water next to the bank and are tied to 
deadmen in the bank. The brush and trees act as current retards 
and cause the deposit of stream-borne sediment where it will 
protect the river bank instead of depositing in the channel. 
The general theory followed is to use the natural tendencies of 
such rivers to form sand bars, instead of constructing dikes and 
other forms of obstiaiction which attempt to change the flow of 
the channel. 

For the foundations of bridges and culverts the Bigjieil pile is 
built as long as 50 ft. and 16 in. square. It consists, as for the 
river work already mentioned, of a reinforced concrete column 
with a 4-in. pipe running its entire length through the center 
and reduced to a 2-in. outlet at the nose or point. At intervals on 
each of the four sides small upturned jets are connected with 
this center pipe. A hose connection is made with the 4-in. pipe 
at the top of the pile. \Yater is forced through under a pressure 
of from 150 to 200 lb. The jet at the nose of the pile tends to 
dig downward, and the pile of its own weight sinks rapidly into 
the hole dug by the water pressure from the nozzle. The side 
jets, which are intended to form a complete film of water aroimd 
the pile, carry away the sand and sediment dug by the point and 
overcome the skin friction that is formed by the material being 
penetrated. Although it is e^ddent that this type of pile and 
sinking is most successful in sandy and silty material, it is claimed 
that it can also be successfully simk through clay by the intense 
jetting action that is obtained. Sand or silt immediately settle 
around the pile when jetting ceases, but it probably takes months 
for clay to settle close enough against the pile to develop its full 
value. 

75. Uupatented Precast Concrete Piles. — ^The Chicago, Bur- 
lington & Quincy Eailway, through its bridge department, 
was a pioneer in the design of low reinforced concrete piles for 
trestles for its railroads. Concrete pil^ have been extensively 
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used by that railroad. Other railroads have also adopted designs 
to fit their purposes. 

A good example of unpatented precast concrete piles is that 
designed by the Pennsylvania Lines for their extensive ore docks 
on the shore of Lake Erie at Cleveland, Ohio, as constructed 
by the Great Lakes Dredge & Dock Company (see Fig. 34). 



Fig. 34. — I>etails of piles used in ore-dock construction at Cleveland. 

Note the good lines to which these piles can be driven (see Fig. 35). 
They are octagonal in shape without taper to give increased fric- 
tion area, as well as for ease in handling and storing. They are 
pointed at the foot and furnished with a cast-iron shoe, which is 
made an int^ral i>art of the pile. The reinforcement consists of 
eight longitudinal rods bound together and spaced at regular inter- 
vals by tie rods. Spiral wrapping is aJso employed at the head 




were driven for i>lie dock foundation. Tke larg^st w^giied 6 tons. 
(Concrete sheetii]^, also rdnforc^, was drivCTt at tiie cliann^ line 
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of the dock. All these piles were cast in vertical molds (see 
Fig. 30). 

76. Constmctioii of Precast Piles. — The piles for the ore dock 
of the Fennsylvama Lines were cast vertically in steel forms, as 
shown in Fig. 36, and placed continuously" in order to obtain 
dense concrete and so that the surface of the concrete, as deposited 
in the piles, should be perpendicular to the direction of the load 
supported by the pile and to its dri\dng. A wet mix was used, 
and sections weighed later showed that dense ednerete was 
obtained particularly at the point end where it was most needed. 

The hardening of the concrete was hastened by curing the piles 
with live steam under cover. 



Fig. 37. — Concrete piles kept in storage 30 days before driving. 


After being cast vertically, they were closed at the top and 
placed horizontally on a floor of cross timbers, and as the season 
was late, artificial curing w'as employed. This -was done by 
stacking up the newly made piles, covering them with canvas, 
and introduemg a steam pipe with an outlet pipe discharging steam 
under the canvas cover, maintaining a temperature of about 80®. 
Forms were removed in 10 to 18 hr., and the concrete piles w"ere 
exposed direct to the steam for 3 or 4 days afterwards, by 
which time they were set sufficiently to be handled by a derrick. 
They were then kept in storage at least 30 days before being 
driven (^e Fig. 37). 

On oth^ work concrete piles have been allowed to set 5 or 
6 days in the ordinary manner and then carefully hoisted to a 
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curing bed and stacked with wooden separator blocks l>etwc»€n 
them, and subjected to live steam for 2 or 3 days. This proce- 
dure permitted them to be driven in summer within 4 or 5 days 
afterward, and in winter within 10 to 12 days afterw'ard. When 
cast in horizontal molds, the side forms may be removed in 1 to 
2 days after placing, but the pile is allow'ed to remain on its 
base about a week longer. In summer it should l>e showered to 
permit complete chemical action for the setting of the cement. 
In very wmrm weather protection from the sun is advisable. 
After this the piles are removed and stacked to complete the sea- 
soning, 3 to 4 weeks usually being allow'ed before being driven. 

As soon as precast piles are driven, they are ready to receive 
their load from the superstructure above. 

In best practice the reinforcement is fabricated as a unit so 
that it can be handled easily and quickly in the form for casting. 
The reinforcement unit should be held in accurate position in the 
molds or forms by suitable separators or hangers, so that the 
conditions assumed in designing the pile shall be realized in 
its construction. 

The composition of the concrete is generally designed to 
produce a given compressive strength. For example, the 
American Railway Engineering Association specifies a strength of 
3,500 lb. per sq. in. w^hen not more than 5 gal. of wmter is used per 
sack of cement. Sizes of coarse aggregate are limited to a ma.xi- 
mum of 1 in. with the further requirement that aggregate must 
not be larger than three-fourths of the clear distance betw^een 
reinforcing bars or the minimum distance from reinforcement to 
forms. The concrete mix should be w^orkable to assure complete 
embedment of reinforcement and to prevent honeycombing. 
During tbe curing period, wrhich is specified as the time required 
for the concrete to attain a strength of 2,500 lb. per sq. in., the 
concrete should be kept moist. Piles cannot be handled or driven 
until the full strength of 3,500 lb. per sq. in. is obtained. Special 
provisions are made to reduce handling stresses. Piles may, 
under certain circumstances, be handled after the curing period. 

The use of high early-strength cement materially reduces the 
time required to attain full strength. The use of vibrators is 
strongly recommended in both types of casting. 

Sea water is found to have a somewhat deteriorating effect on 
reinforced concrete. When wncrete pil^ are used in locations 
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where they will be subject to direct contact with sea water, 
such as in exposed trestles and boardwalks on beaches, the 
insistence on three simple precautions be found of value: 
unusual care in mixing and placing the concrete, the use of a 
rich mixture, and the covering of the reinforcing steel with at 
least 3 in. of concrete. A coating or covering of gunite is some- 
times placed on the piles. 

Precast piles of circular cross section may be obtained in diam- 
eters from 10 to 25 in. Because these pdes must be cast verti- 
cally, they are not extensively used. The most common section 
is octagonal. This or square sections having lateral dimensions 
as high as 24 in. may be obtained in lengths over 100 ft. They 
are cast in horizontal forms. These phes are usually made 
without taper but have a pjnramidal tip. Precast piles 24 X 24 
in. in cross section and 115 ft. long, weighing about 33 tons, 
have been driven by the Raymond Concrete Pile Company. 
When taper is used, it generally does not exceed in. per ft. 
and is confined to piles about 40 ft. long. Some specifications 
require certain least diameter relative to the length of the pile. 

77. Designing Precast Piles, — The steel reinforcement of a 
concrete pile is intended to resist the stresses due to handling and 
dri\ing the pile and to the load that may come upon it in its fi.nal 
position. The longitudinal bars receive their greatest stresses 
when the pile is lifted from a horizontal position. Piles are 
generally picked up near the middle, or a line ma.y haul them by 
one end to the pile driver. In the first case the pile should be 
strong enough to resist the flexure due to its own weight. In 
the latter case the pile must carry not only its own weight but 
also any shock or impact from contact with obstacles. When so 
handled, cracks sometimes develop on the tension side, perhaps 
due to the reinforcing rods slipping, the concrete merely failing 
by compre^on. Exceptionally long and heavy piles are handled 
in slings or bridles (see Fig. 38), and extra longitudinal reinforcing 
is sometime provided in the middle of the length. The stresses 
due to handling may be controlled by increasing the number of 
pickup points. For pil^ of lar^ cro^ section and great lengths 
as many as ^ points of pickup have been used. However, in 
general the use of three points is satisfactory. Some designs 
add 1CM> per ©eat to the weight of the pile to provide for shock 
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due to handling. Fifty per cent is probably sufficient where 
proper and experienced handling is the rule. 

The percentage of steel in the section area of the pile varies in 
practice from 0.6 to 2.8 per cent. Experiments show that hair 
cracks are likely to develop in handling when the reinforcing is 
less than 1 per cent- This is, therefore, looked upon as good 
practice. A minimum of 2 per cent is required by the building 
codes of New York and Boston, while the American Railway 
Engineering Association requires a minimum of 1 per cent and a 
maximum of 4 per cent. 

Continuous spiral wrapping or separate wire hoops are used 
for lateral reinforcing. The hoops are spaced at varying inter- 
vals along the pile and the spirals are placed with varying pitches. 
Specifications usually reciuire a spacing of 8 to 12 in. except for a 
distance of about 2 ft. at each end where the spacing is reduced 
to 3 in. Lateral reinforcement consists of quarter-round bars or 
No. 7 steel wire. 

The carrying or load capacity of concrete piles is largely 
dependent upon the conditions between the pile and the soil. 
Usually both the cross-sectional area and the reinforcement are 
more than are required for the loading; consequently, the stresses 
are low. Some building codes allow additional loads based on the 
amount of reinforcement and others do not. 

The sectional area of the head should be sufficient to support 
in compression the safe load for which the pile is designed. The 
safe unit stresses used should depend upon the quality of the 
concrete, the percentage of reinforcement, and its arrangements, 
as well as upon the character of the loading. If a tapered pile is 
used, the critical section for compression is, of course, not at the 
head, but at some distance below. Additional allowance for hard 
driving in special cases is made by enlarging the sectional area, 
or adding extra cement, particularly at the head of the pile. 
When a pile is to act as a column, it is, of course, to be designed 
as a column. Under retaining walls or other places where the 
pil^ receive a lateral thrust, as well as a vertical load, it is neces- 
sary to use reinforced piles to resist the flexure produced. 

Figure 39 shows precast concrete piles in the foundation of the 
Detroit-Superior Bridge. 

Illustrated catalogues published by construction companies 
also give much valuable information as to azes and disposition 
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of reinforcement, methods of construction, and handling and 
driving of piles. 

78. Driving of Precast Concrete Piles- — The driving of 
concrete piles requires strong e<iuipineiit on account of the great 
weight to be handled and the heavy hammers used. Because of 
the additional stiffness and greater durability, stc^el pile drivers are 
widely used for handling and driving precast concrete piles. 

Wherever possible, concrete piles should be driven with the aid 
of the water jet, so that the duty of the hammer becomes second- 
ary. This not only avoids possible injury to the pile head 
by driving vith a hammer but also saves time and energy. 
The equipment and methods for the water jet, as described for 
timber piles, apply in general to precast concrete piles. In 
ground that is not so advantageous for jetting, it is necessary 
for the hammer to do very effective work, either with or without 
the aid of the jet. A light hammer that answers for driving 
timber piles is found uneconomical for the heavier concrete pile, 
and a bad tendenej^ results, namely, to use too high a fall of 
hammer and expend too much of its energy in useless and even 
in destructive work. 

Experience in the use of both drop and steam hammers for 
driving concrete piles demonstrates that the steam hammer 
drives them in less time and with less injury to the pile. How- 
ever, excellent results have been obtained with the drop hammer, 
the heavier hammers being the more efficient. Hammers 
weighing less than 4,000 lb. have given good results, although 
the time required was unnecessarily^ long. Drop hammers weigh- 
ing from 7,000 to 12,000 lb. do the work much more quickly. 
These very large hammers are handled by three-part crucible steel 
cables roved over sheaves set in the hammer casting. The fall of 
these long hammers is not more than 8 ft. and usually less. 
Examples are cited of equipment fitted mth such hammers 
driving an average of 15 concrete piles a day to 30-ft. penetration, 
a -mayiTYmm of 25 piles a day being obtained with one outfit. To 
drive concrete piles 24 in. square and 45 to 75 ft. long at Halifax, 
Nova Scotia, an Amott steam hammer of the double-acting type 
was built of special design with a total weight of ^,000 lb., the 
striking part weighing 4,000 lb. The stroke was 36 in. The 
selection of the proper weight of h a mmer for a specific driving 
job is dependent upon the weight of the pile and the r^istaaee 
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to driving. In general, the heaviest hammer that will not unduly 
damage the pile should be selected. Due consideration should, 
however, be given to the foot-pounds of energy developed per 
blow. 

When jetting cannot be used as an aid to driving, the successful 
driving of precast piles without injur 3 ’' is due mainly to the 
various driving caps and forms of protection used. Sometimes 
a hardwood block in a cast-iron cap is used on top of a concrete 
pile. Other types of hammers pro\dde for mats of rope or rubber 
belting, or bags of sawdust, under blocks to make a cushion effect, 
in order to avoid damaging the head of the pile. The main 
point is to distribute the blow uniformlj’- over the head of the 
pile to prevent spalling. The tendency during the past few years 
is to use less protection in driving precast concrete piles than 
in the daj’S of their earb' introduction, because experience has 
shown that even where a water jet cannot be used with success, 
a well-seasoned precast pile usually stands a remarkable amount 
of pounding with the hammer, and that if the hammer blow is 
properh’- controlled, ver^^ little damage results. In driving into 
hard claj' in one instance, the material became so compacted 
from driving successive piles that 5,000 blows of the steam 
hammer were necessary to put some of the piles down 20 ft. 
In the few piles that were broken, the crushing extended onlj" 
18 in. below the top of the head. A test was made at the Water- 
town Arsenal of the upper portion (about 9 ft. long) of a pile 
that failed oving to hard dri’vdng and probably striking a large 
boulder about 18 ft. below the surface. The pile had been 
given 735 blows with a 4,700-lb. hammer, with drops varying 
from 18 to 30 in., and the head w^as badly crushed. The test 
calls attention to the fact that the pile failed at the small end 
by opening oblique and longitudinal cracks, and not at the end 
that received the hammer blows. This indicates that the pile was 
not materiallj^ damaged by the hammering it received, except 
at the immediate point of contact. The ultimate strength of 
the section tested was found to be considerably larger than 
the average strength of similar concrete columns of the same age 
teted with it and made of the same proportions of concrete and 
reinforcing. In general, the spalling of the head of a concrete 
pile is not <x>iMder!^ such bad practice, since the cracked concrete 
is removed to exp<»e the reinforcing rods, which are then straight- 
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ened and bonded in with the concrete that is mn for the 
footing. 

Well-seasoned concrete piles will stand several hundred blows 
of a 3,000-lb. drop hammer, the drop increasing from 10 to 30 ft. 
as driving progresses, without appreciable injury. Compara- 
tively green piles should be handled very carefully and the drop 
limited to 6 or 8 ft. Such %vork is slow' and expensive, and it Is 
better to season all piles thoroughly. 

Concrete piles cannot be driven as rapidly as timber piles on 
account of the care necessary’- in handling the greater w'eights and 
the larger sizes of the concrete piles, as well as the greater amount 
of moving of the heavy driving outfit, since concrete piles are 
ordinarily spaced farther apart than timber piles. Roughly 
speaking, w'here the organized gait for foundations on land is 
30 to 40 timber piles in a day, about one-fourth to one- half that 
many, or even less if the water jet cannot be used with effect, is 
considered good progress in driving concrete piles. On water 
w'ork, such as dock foundations, a larger number of piles can 
generally be driven, because the floating pile driver can move 
more easily than a land driver and the comparative penetration 
of piles is often less considering the depth of w'ater into which 
they are driven. 

Concrete piles can be driven in any soil in which timber piles 
can be driven, and usually wdth much less danger of overdriving. 
A Chenoweth pile 13 in. in diameter and 61 ft. long was driven 8 
ft. into compact gravel at Greemille, New' York Harbor, w'here 
oak piles could not be driven. 

It sometimes is found necessary to cut off the head of a con- 
crete pile that cannot be driven to full depth. To do this, a 
V-shaped channel is cut around the pile at the desired level. 
The bars are exposed and cut off with an acetylene torch and 
the head is snapped off either by wedging or pulling with a line 
from a crane. Cutoffs on piles 18 to 24 in. in diameter may be 
normally made in about 30 min. 

For splicing or connecting to caps or footings, the bars may 
be stripped for the desired length or holes may be drilled to the 
required depth, and dowels placed and grouted. In splicing a 
pile, a split sectional form is clamped on the sid^, the bars are 
set, the top of the pile is wet, and tiae surface sludhed wiib grout. 
The concrete is then platced. The use of vibrators is recom- 
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mended. Particular care should be taken to use the same 
quality of concrete as in the pile itself. 

79- Cast-in-place Piles- — Cast-in-place concrete piles are con- 
structed in their permanent position in holes in the ground 
prepared for the purpose. They are, as noted before, of the two 



Fig. 40A. — Installing Raymond standard-taper piles. 


general types: the shell pile and the shelf-less pile. The shells 
may be tapered or have parallel sides and may be driven with 
or without a core or driving mandrel. Th^e piles are suitable 
for land foundation work and are very extensively used. They 
are usually not reinforced, but if reinforcement is used it should 
be built and placed as a unit. 
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Examples of the shell-type pile are the Raymond standard 
tapered pile and the Raymond step-tapered pile, the monotube 
pEe, the standard MaeArthur concrete pile, the Franki pile, and 
the steel pipe pile. All these are patented. In general, the 
patents are bas^ upon either the method of construction or the 
appliances used in construction. 

The shell prevents the soil and groimd water from mixing 
with the fresh concrete. Concrete ha\dng a strength of 2,500 lb. 

per sq. in. is usually used. It is placed in a 
continuous operation. 

The standard Raj^mond tapered pile has a 
continuous taper equal to hi diameter 

per foot and is avaEable in lengths of 20 to 
38 ft. The top diameter of the 20-ft. pile is 
16 in. and that of the 38-ft. pile is 23 in. The 
shell is made of a tough grade of steel and 
has a thickness consistent \\ath the length, 
diameter, and the soil conditions. The shell 
is reinforced throughout its length with a 
heavy, hard, drawn wire placed on a spiral 
having a pitch of 3 in. 

In placing the pile, the shell is placed over 
a collapsible mandrel having the same taper as 
the pile and both are driven to the desired 
penetration. The mandrel is withdrawn, leav- 
ing the shell clean and dry. The shell is then 
filled with concrete. 

Figure 40A shows the installation of Raymond standard 
tapered piles. Figure 40B shows a cutaway view of the shell to 
indicate the spiral reinforcing and concrete. 

For lengths up to about 40 ft., it is claimed that the Raymond 
standard tapered pile offers the advantages of ease and speed of 
driving, economy due to taper in providing larger carrying 
capacity, the opportunity of inspecting and testing each pEe, 
and the placing of the pEe above the ground surface without 
the use of special forms. 

For use in lengths over those of the standard tapered pEe, the 
Raymond step-tapered pEe was developed in 1931. It has been 
very extensively used. This pEe consists of a spirally cor- 
rugated sh^ that offers hi^ r^istance to external pressure. 



Fig. 40i?. — Ray- 
mond standard- 
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The steps are formed by the use of 8-ft. lengths, each of which 
increases in diameter from the tip to the top. The increase 
in diameter is usually 1 in. in the 8-ft. section. 

A double-flange plow ring is welded to the bottom of each 
section. A short spirally corrugated inner sleeve is welded to 
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the lower flange of the plow ring so that each section may be 
screw-connected to the lower section. A heavy-gage hemi- 
spherical boot is welded to the plow ring on the lowest section 
to form the point of the shell. 

The phelTps are ordinarily made of No. 20 to 14 gage metel, 
although naetal as heavy as No. 10 and as light as No, 24 is 
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sometimes used. The weight of metal is dependent upon the 
driving conditions and the pressure to be resisted- The sections 
are shipped in a nested or telescoped condition. This has the 
advantage of both protecting the shells and saving shipping and 
storage space. 

In driving, a heavy-walled hollow core that has beveled 
steps bearing directly upon the inner surfaces of the plow rings 
for each section is used. Figure AIB shows the shell and dri^dng 
core and the lower section of a pile after the concrete is placed. 
The driving of a step- tapered pile is shown in Fig. 41^. 







Ficr. 4:1B . — Detail of step-tapered pile. 


The advantages claimed for the step-tapered pile are the same 
as those for the standard tapered pde. In cases where good 
bearing strata are covered by soft material or vdth alternate 
layers of hard and soft material, step-tapered piles furnish an 
economical foundation. At La Guardia Field, Xew York, where 
marshy and filled ground had to be penetrated to reach firm 
bearing, 380,000 ft. of standard and step-tapered piles were used. 

Where mandrels or cores are not used for driving, the shell 
must be of sufficient strength to withstand the driving stresses. 
The Union Metal fluted-steel monotube pile is an example of 
this type. The shell is fabricated by a cold-rolling process and 
has a fluted rarface that furnishes greater surface area to provide 
greater frictional resistance and increased bearing power. The 
fluted de!»gn furnisher stiffne^ and rigidity to resist driving 
sfae^es and strmctural streng& to lesast loading. It is claimed 
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that the shell has sufficient strength to support the pile loads 
mthout the concrete filling. A loading test made on a 60-ft. 
fluted shell is shown in Fig. 42 A. Figure 42B shows 80-ft. 





Fig. 42 B . — Monotube pilea loaded for shipment. 


monotube piles assembled in two 40-ft. sections, loaded for 
shipment. These piles were for use in dry-dock construction. 

Monotube piles aare furnished in any desired length wi& 
point diameters varying fo>iln 6 to 16 in- with standard tapers of 
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1 in. in 7 ft., 1 in. in 4 ft., or 1 in. in 2 ft. 6 in. Other tapers can 
be furnished. Piles without taper are also available. Sections 
having taper may be used with parallel-sided sections. The 
shells are usually made of No. 11 gage steel plate but are avail- 
able in No. 7 and No. 3 gage. The piles of No. 11 gage are 



Fig. 43. — Sixty-foot monotube pile being placed in lead.s. 


recommended for a driving resistance of about 30 tons; the 
No. 7 ^tge for a driving resistance of 45 to 55 tons. For all 
lengths ovear 40 ft., piles are made in sections that are welded 
togetiher. This may be done in the shop or in the field. The 
ste^ point is wdlded to the low^t section and a driving collar is 
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welded to the butt. By this fabricating method, a one-piece 
continuous shell is lurnished. 

It is claimed that no special or heavy driving equipment is 
necessary because no heavy core is used. It is further claimed 
that these tubes may be sunk by the jetting method. Ease 
and speed of driving and inspection are also claimed by the 
manufacturers. Ease and economy in handling and the pos- 
sible use in pier, dock, and marine work are also pointed out. 



Figure 43 shows a 60-ft. pile being placed in the leads of a pile 
driver. Figure 44 shows monotube piles in the foundation for 
a reinforced concrete chimney. 

In the construction of the foundations for the National Gallery 
of Art in Washington, D.C., 7,000 No. 7 and No. 11 gage piles, 
\'arying in length from 18 to 40 ft., were driven by six driving 
rigs within the stipulated 90-day period allowed for the driving. 
These piles required 1,750 tons of steel and represent a total 
length of 32 miles. 

The standard Mac Arthur cased concrete pile is formed by 
driving a core and a heavy steel casing into the ground. The 
bottom of the casing is sealed by a pan to prevent water from 
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entering the casing. When the desired penetration is reached^ 
the core is withdrawn and the casing inspected. A permanent 
casing of corrugated steel is then inserted within the driving 
casing. This corrugated steel casing is then filled \\-ith concrete 
and the driving ca.sing is withdrawn. 

The shelhless type of cast-in-place concrete pile is shown in 
the well-known Simplex jale, the standard MacArthur uncased 
compressed concrete pile; and the pedestal pile. 

The Simplex pile, introduced in 1903, is constructed by dri\dng 
into the groimd a steel pipe, generally 16 in. in diameter and 

ill- thick. The pipe is fitted at the 
driving point with a special shoe that 
completely closes the bottom; the hole 
thus made is filled with concrete as the 
pipe is withdrawn! (see Fig. 45). The 
pipe should be extra hea'V’^’-, as long as 
the pile to be formed, and the pile- 
drhing equipment should be strong 
enough to pull out the pipe. The shoe 
remains in place; hence a new one is 
needed for each pile. To save the cost 
of a point for each pile, in very firm 
earth a deduce called an “alligator 
point is used, which opens automatic- 
ally when the pipe is pulled out and 
permits the concrete to flow through it. 
In some work the pipe is filled with concrete, at the same time 
slowiy withdrawing it. In other cases, as each batch of concrete 
is dumped in the hole, it is rammed to force it against the 
surrounding earth, in order to fill the hole completely. This 
increases the diameter of the pile and the bearing area. 

The advantage claimed for this tyi>e of pile is that the concrete 
is forced into the irregularities of the compressed earth, giving a 
frictional resistance greater than for any other pile of equal pro- 
portions. However, the compressed earth sometimes becomes a 
part of the pile section and changes the frictional surface to a 
more regular form. In very soft ground where the earth does not 
hold its form as the pipe is wdthdrawn, this type of pile cannot 
be used wiiiiout modification. In such cases a light casing of 
smaller diameter is generally us^ by lowering it into the hole 



Fig. 45, — Method of con- 
st ructiiig Simplex concrete 
piles. 
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as soon as tlie first batch of concrete is placed. When this 
form is filled, the driven pipe is withdrawn. It is evident that 
this leaves some voids outside the light sheet-metal casing, which 
will fill only by the adjustment of the surrounding earth. 

Piles as long as 45 to 48 ft. 
have been placed by the Simplex 

method, the practical limit being i t H 

the ability of the equipment to / I J PBp bV 

pull out the pipe. In firm dr>' r 

soils it is claimed to be the cheap- i JB H bH 

est method of installing concrete / SH 

piles. In ground that has any / 

tendency to flow, there is always / ■||W 

the question as to what extent the If Fw 

strength of the pile may be re- ; if I 

duced by an admixture of earth, 

as it is impossible to inspect the ■ Jfl 

integrity of the pile during 

The standard Mac Arthur un- / / | 

cased compressed concrete pile is / J|l 

placed by first driving a casing y IM 
and core to the desired penetra- / M|h . -fn Pf U 
tion. The apparatus is sealed at ■ 

the bottom to prevent water from /BI faMLVlf 

entering the casing. The core is / ^ 

then vdthdrawn and the casing / Hi 

is filled with concrete. The core / Bi«ll jHB 

is then placed upon the concrete / Ir^H 

in the casing and the casing is ^ 
steadily withdrawn while the con- IH ,^^hF 

Crete is under a pressure of 7 tons. ^ 

Under this pressure, the concrete "A ■ ■ r 

moves instantly to the earth walls the MacArthur pile, 

of the hole directly under the 

bottom edge of the casing and develops an exceptionally good 
bond between the concrete and the earth. By this method, an 
exceptional frictional resistance is developed and a pile of 
uniform diameter is formed- Figure 46 shows the casing being 
withdrawn while the concrete is subjected to a loading of 7 tons. 
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The forming of the MacArthur pedestal pile is similar to that 
of the standard uncased pile. The steps are shown in Fig. 47. 
This pile was invented by Hunley Abbott. The core and casing, 
without the sealing pan, are driven. The core is removed and a 
charge of concrete is dropped to the bottom of the casing. The 
casing is then pulled up a distance of 18 to 36 in. while the 7 tons 
pressure of the core and the hammer remains on the concrete. 
This rams the concrete out. The core is then removed, another 
charge of concrete is placed, and the process is repeated. After 
the desired bulb is formed at the bottom, the casing is withdrawn 
to form a stem of constant diameter. 

The intent of its form of construction is to take greater advan^ 
tage than the ordinary form of piles does of the higher bearing 



Fig. 47. — The process of forming a pedestal pile. 


capacity generally existing in the low^er strata of earth. This 
increasing of the bearing area at the foot doubtless was suggested 
by the older form of metallic screw and disk piles whose action it 
imitates. 

Equipment similar to that used for the Simplex pile is used to 
construct the pedestal pile, except that a bottom shoe or ja^v 
is not used, and that a steel core is added, w^hich fits inside 
the pipe with its lower end projecting 4 or 5 ft. below the pipe 
and with its upper end enlarged into a head which fits over the 
pipe for driving. The pipe is usually about 16 in. in diameter and 
made of ?^^-in. metal. The pipe and core are first driven into 
the ground as a unit. The core is then withdrawn and a batch 
of concrete is dumped into the pipe, and the core is then used as 
a rammer to enlarge the hole below the pipe and to push aside the 
concrete laterally. When the concrete ba^ is given the required 
volume by this me^iod, the pipe is fiHed with concrete and 
gradually pulled out. A 1 :2:4 mix of concrete is ^neraEy used. 
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The janished pile is usually about 17 in. in diameter if a 16-in. 
pipe is used, and the base is about 3 ft. in diameter and eontains 
about half a yard or a little more of concrete, depending uix>ii 
the nature of the ground. Should the earth for any reason 
resist unequally on opposite sides of the hole, the form of base 
resulting would make its reaction eccentric. 

The Franki pile, which was developed in Europe, has an 
enlarged base and a corrugated shaft. To place the Franki 
pile, the concrete is put in the casing and struck with the hammer. 
The friction developed between the concrete and the inner sur- 
face of the casing pulls the casing down. The pedestal is formed 
by raising the casing and forcing the concrete to flow out and 
downward by striking it with the hammer. The shaft is formed 
by striking each charge of concrete with the hammer when the 
casing has been pulled up a short distance. This repeated action 
produces a series of corrugations on the surface. 

Hollow concrete cylinders of large diameter are often sunk to 
considerable depth by excavating within them. Sectional 
telescoping steel cylinders ma^^ also be used. Both the.se methods 
are similar to open caisson work. In either case, the ba.se may 
be stepped out to increase the bearing area if the end of the pipe 
is in good bearing material. When steel pipe is used, the pipe 
may be withdrawn after the concrete is placed. This method is 
known as the Gow caisson pile and is shown in Fig. 15. Because 
of the saving of the cylinders and the lack of hea\'y driving 
equipment, this process is considered the least e.xpensive of any 
of the caisson methods. 

A rotary drilling process using spud drills is sometimes used 
to excavate for caisson piles. This drill utilizes water fed through 
the drill stem under high pressure and creates a semifluid condi- 
tion in the soil. The caisson pipe is then driven, and the bottom 
sealed off. It is then unwatered and mucked out and filled with 
concrete. This is an expensive method, which may in certain 
cases be economically substituted for the caisson method. 

80. Objections to Cast-in-place Piles. — ^The chief objection 
to all cast-in-place piles is based upon the probability of injury 
to the green concrete from the back pressure set up by driving 
the forms for adjacent piles. 

Even if the casing left in the hole, or the wei^t of the mncrete 
without the casing, is able to resist an outside pr^sure umtil tl» 
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concrete is set, it is probable that the green concrete will be injured 
by the vibration and additional earth pressure from driving 
adjacent piles after the cement has started to set and before the 
setting has been compieted. 

Numerous testvS to determine conditions have been made by 
excavating. In one example failure was due to fluid soil pene- 
trating between batches of concrete, separating the pile into 
sections about 5 ft. long, and destroying its value as a pile. In 
other eases piles were found bent out of line. In still other eases 
the section areas were reduced from 20 to 100 per cent. In one 
case, as ascertained later by analysis, the cement failed to set 
owing to chemical constituents in the ground water. It was also 
found that the liability of green concrete to suffer injury from 
adjacent driving is increased when hard and soft strata alternate. 
Unless protected by a casing, there is always danger of some of 
the cement being \vashed out by underground flowing water; 
contra wise, absorbent earth may deprive cement of some of the 
water it requires to set completely. 

The construction of cast-in-place piles requires more careful 
superiusion than for precast piles, in order to get good results, 
on account of the manner in w^hich concrete is deposited and the 
surrounding conditions, w^hich preclude inspection of the pile 
after the concrete is in place. To protect piles against damage, 
specifications often require that no concrete may be placed until 
all shells within a radius of at least 5 ft. are driven to the required 
resistance. After the concrete is placed, no ^ shell or pile may be 
driven within a radius of 15 ft. for a period of at least 4 days. 

The chief advantage of shell-less cast-in-place piles is that they 
are usually the cheapest of all types of concrete piles. 

81, Composite Types and Combination Piles. — ^Hollow pre- 
cast piles are sometimes driven and filled with lean concrete 
after driving. Such hollow piles are generally of large sizes for 
economy and should be carefully handled by special slings or 
bridles to avoid bending stresses. A type of concrete pile called 
the Peerless has also been used. It consists of a reinforced 
concrete shell made in sections and slipped into a steel driving 
pipe, both of which bear on a pointed cast-iron shoe, which is 
left in the ground. The steel pipe protects the concrete shell 
from stresses due to driving, and when the steel pipe is pulled 
out, the concrete shell is inspected and filled with tremie concrete. 
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Combination piles have been made for foundations of docks 
on the Pacific coast by driving a hollow, reinforced, concrete 
pile 4 in. thick and 24 in. in diameter over the top of a wooden 
pile which had already been driven into the channel Ixjttom, so 
that the head of the wooden pile projected a few feet alxive the 



Fig. 48. — Placing Raymond composite pile. 


mud line. When a good bearing was obtained on the bottom 
with a concrete pile, the inside was pumped out to remove the 
mud and water, and the hollow space was fiUed with concrete. 
It is feasible to use such eomhination pEes for foundations on 
land, and they are cheaper than very long concrete pil^. 
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At times tbe durability of concrete piles is combined with the 
lesser weight and cost of timber piles by placing concrete piles on 
top of timber piles, which are driven below ground-w^ater level 
to resist decay. 

The composite pile used by the Raymond Concrete Pile Com- 
pany is placed by first driving the wood pile to the ground sur- 
face. Before driving, the head of the pile is turned down to a 
diameter of 7 to 8 in. for a length of about 18 in. This section 
is termed the tenon.’' A collapsible mandrel is fitted inside a 
reinforced sheet steel shell and placed over the tenon on the 
wooden pile. This combined unit is then driven to its final 
depth. The mandrel is then withdrawn and the shell is filled 
with concrete. Figure 48 shows the process of placing a Ray- 
mond composite pile. 

The placing of composite piles requires very careful workman- 
ship. Care should be taken to form a watertight joint between 
the W’ood and the concrete and to supply a joint that has sufiScient 
strength to resist both transverse and upheaval stresses. Several 
methods are used to develop strength in this joint. Vertical 
reinforcing bars may be placed around the tenon or into holes 
drilled in its top. Horizontal bars are sometimes placed through 
holes cut in the tenon and bent to extend upward into the 
concrete. 

Precast concrete piles are sometimes used wdth a wooden 
pile to form the composite pile. The cast-in-place pile is usually 
preferred. 

The use of a composite pile combines the advantage of the low 
cost of the w’ooden pile for the section below permanent ground- 
wrater level with the advantage of having a concrete pile above 
the permanent water level. This eliminates the necessity for 
cutoff. The need of cutting off timber piles at water level usually 
involves extra excavation, which in many cases makes the use of 
sheeting and pumping necessary. For lengths up to about 
100 ft. these piles, when properly installed, furnish a secure 
foundation at a cost between that of timber and concrete piles. 

Choice of Type of Concrete Piles- — In any case where it 
has been decided that the use of concrete piles is more economical 
than timber piles, durability also being given full consideration 
and the ©ondilaons at the mte and the nature of the ground are 
known, tihe qu^tion Aen remaining is to determi n e the type of 
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pile especially adapted to the existing conditions, so that ade- 
quate strength may be secured for the proposed structure at the 
most reasonable cost. As each type of concrete pile has some 
distinctive advantages that are adapted more or leas closely to 
certain conditions of ground where piles are necessary, to use a 
type of pile under conditions that are not favorable to it means 
either lack of economy or less security, or both. Some ty|>es 
cover a wider range of conditions than othera, and the engine^er’s 
duty is to make a special study of each situation. 

For supporting a structure above open water, as in docks, piers, 
wharves, and pile trestles, in addition to acting as columns, the 
piles are required to resist flexure. Precast piles are the only 
ones adapted for this service. They should be made without 
taper, at least for the part that is not in the ground. Taper is 
valuable in sand where the supporting power is due almost 
entirely to friction; if the piles are to penetrate sand, that portion 
may be tapered. Ho-wever, if the sand is subject to scour or if 
sufficient total penetration and friction can be obtained without 
taper, then a pile with uniform cross section should be emplo^'ed. 

The precast pile has special advantages in ordmary sand and 
quicksand, or in such combinations of sand with gravel or clay 
as produce porous masses, because in such cases the water jet 
can be used successfully. When a pile is to be driven through 
soft material into a harder stratum, and so that it is expected to 
act as a column, it should be reinforced. Frequently the pre- 
cast pile is the only one that can be so used. 

It is important to remember that after plain concrete piles 
are driven in some kinds of stiff clay, if the adjacent ground 
should be heavily loaded, lateral pressure wdll be developed and 
cause serious bending moments that piles without longitudinal 
reinforcement may be unable to resist safely. 

Conditions are sometimes met with where deep beds of clay 
require pile foundations because the upper strata become soft 
during the flood season, while during the dry season they are 
favorable for construction work and the clay is so hard that it is 
impracticable to drive piles into it. In such cas^ the problem 
often may be worked out satisfactorily by excavating a hole of 
proper diameter in the hard clay by means of an earth auger and 
driving a precast pile into it, so as to fill the hole so com- 
pletely that “the surfaice water will not foBow down the pile and 
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impair its value. Where investigation of the subsurface shows 
a stratum of quicksand or other soft material, which indicates 
that it will not retain its form until the pressure of the concrete 
can resist the external pressure, then no cast-in-place pile should 
be employed unless it leaves a casing in the ground which will 
retain its form until the concrete sets. The casing should have a 
uniform diameter, instead of a taper, so as to secure a larger bear- 
ing area at the foot. If the upper strata are of such nature as to 
retain their form temporarily xmtil the concrete is in place, the 
type of pile may be used in which the pipe is gradually mth- 
drawn. If a considerable part of the load is to come on a bottom 
stratum that is not well defined on its upper surface, the enlarg- 
ing of the base of the pile to increase the bearing surface is often 
desirable, as is done in the pedestal pile method. But as the 
method of making the pedestal pile requires the ground adjacent 
to the base to be displaced by the ramming of the concrete, if the 
ground material is not homogeneous, the base may be unsym- 
metrical with reference to the vertical axis, and a dangerous 
stress may be produced in the stem of the pile, owdng to the eccen- 
tric reaction of the pile column. In general, whenever the load 
is carried mainly at the foot of the pile, the pile should be rein- 
forced unless the upper strata afford good lateral support. 

All east-in-place piles require precautions as to the order in 
which they are placed, so that no core or pipe is driven for 
another pile mthin a prescribed distance of a completed pile 
during the setting of its cement. 

Where the nature of the ground is tough and leathery so as to 
cause upheaval when adjacent piles are driven, it would be dis- 
astrous to use some types of cast-in-place piles. As far as form 
is concerned, any piles used should be ■v\ithout taper. In ground 
that is compressible but not soft in the upper layers and gradu- 
ally increases in density downward, almost any of the different 
types of piles may be used with proper precautions, but without 
taper, so that advantage may be taken of greater bearing value 
at the foot, as well as to obtain the greater frictional resistance 
of the lower surface of the pile. 

To go a little further with this general illustration — ^if the 
ground is soft to a considerable depth; but the density increases 
slowly wi& the depth so that the bearing power depends almost 
entirely on skin friction, two factors wffl decide whether a tapered 
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or an untapered pile should be used. As the pile with uniform 
section has a slightly larger superficial area for a given volume, it 
has the additional advantage of having a larger proportion of its 
surface in the lower part of the pile, where friction is g:reater. 
On the other hand, the tapered pile has a larger sectional area of 
concrete at the top to transmit the load, and that factor may 
govern in some cases. In general, as the load is gradually trans- 
ferred to the surrounding earth in passing downward through the 
pile, the decreasing sectional area of the tapered pile makes it 
conform more closely to one of universal strength throughout. 

The precast pile is favored by many engineers over the cast-in- 
place types, because the concrete can be made, seasoned, and 
inspected thoroughly before any dri^’ing is begun. 

The building code of the City of New York rec|uires that 
precast piles shall be reinforced with longitudinal reinforcing 
equal to at least 2 per cent of the volume of the concrete. The 
diameter or least lateral dimension of precast concrete piles shall 
be 10 or more inches at the point and shall average at least 12 in. 
throughout the length of the pile for piles up to 20 ft., 14 in. 
for piles up to 30 ft., and 15 in. for piles up to 40 ft. In the case 
of piles over 40 ft. long, the diameter or least lateral dimension 
shall be one thirty-fifth of the length, provided that all pile.s 
shall be at least 15 in., but may be less than 24 in., in diameter 
or least lateral dimension. The maximum allowable load on 
precast piles varies from 24 tons for an average diameter of 12 in. 
to 40 tons for piles having an average diameter of 20 in. or over. 
For piles driven to ledge rock, the foregoing maximum allowable 
loads may be increased by 10 per cent. Concrete piles cast in 
place shall be made and placed so as to ensure the exclusion of 
any foreign matter and so as to ensure a continuous and full- 
sized pile. Piles shall be driven in such order and with such 
spacing as to ensure against distortion or injury to such piles 
when finished. Concrete shall be placed in the dr>", and it shall 
be unlawful to place concrete in a pile form containing w’ater. 
The (diameter of any cast-in-place pile shall be at least 14 in. 
at the top; the diameter at the half length of the pile shall be 
at least 11 in.; the diameter of the point shall be at least 8 in. 
The maximum load for casi^in-place piles shall be 30 tons, except 
that when the point diameter of such piles exceeds 15 in., an 
additional allowance of 2 tons may be made for emih inch o| 
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increased diameter, until a maximum total load of 40 tons per 
pOe has been reached. 

H should be kept in mind, however, with all that has been said 
in favor of concrete piles as a class, that there are some limitations 
that still leave a field for timber piles. For example, in marshy 
land, timber pile trestles are found superior to concrete trestles, 
omng to less settlement, etc., and a combination of the timber 
pile with concrete top can often be used to reduce loads and also 
costs. 

83. Steel Pipe Piles. — Steel pipe piles, sometimes called ^'tubu- 
lar piles/^ consist of standard steel pipes varying from 10 to 22 in. 
in diameter. The wall thicknesses usually vary from to 5^ 
in. These pipes are usually driven open-ended by steam or air 
hammers to rock or hardpan and are excavated by means of a 
compressed-air blowpipe or a water jet. The compressed air 
under 85 to 100 lb. per sq. in. pressure is introduced by the blow- 
pipe, which is usually in. in diameter. The impact and 
expansion of the air loosen and carry out the material within 
the pipe. After cleaning and inspection, the pipe is filled with 
concrete. Steel pipe piles may be used in any length and have 
been driven to depths as great as 155 ft. 'V\Tiere headroom is 
not available, short sections connected by internal sleeve cou- 
plings are used. 

Experience has shown that the amount of corrosion of the 
steel pipe in the ground is negli^ble. However, some building 
codes require that in computing the loading area a deduction of 

6 ini* iii the thickness of the metal be made to allow for deterio- 
ration. Piles that have been in the ground for over 25 years 
have shown upon removal that corrosion did not penetrate more 
than in. into the metal. The iron oxide formed by the fiirst 
deterioration serves as a protective coating. 

The building code of the City of New York requires that 
concrete-filled steel piles when driven open-ended to rock have a 
center-to-center spacing of at least 2 ft. and at least the diameter 
of the tube plus 10 in. A base loading computed on pipes of 
% in. wall thickness varies from 55 tons for a lO-in. pipe to 
150 tons for a 224n. pipe. Pipes larger than 22 in, in diameter 
are wnsidered reinforced concrete piers. 

When these piles are driven open-ended to refusal in hard- 
pan, 70 per ©Mife q£ Ae base loading shown is allowed, but 
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a maximum load of 70 tons is specified. A spacing of at least 
30 in., center to center, is required. For piles driven to boulders 
or a mixture of gravel and boulders, a loading of 50 per cent of 
the base loading may be used. A maximum loading of 50 tons 
is established for this condition pro\’ided no softer layer is 
underlying. A spacing of at least 20 in., center to center, is 
required. 

When these piles are driven with closed ends or when their 
ends are in materials of less bearing capacity, they are con- 
sidered as precast concrete piles. A spacing of 2} >2 ft. is required. 

A typical steel pipe pile foimdation is shown in Fig. 17 in 
Sec. 5. 


STEEL PILES 

84- Steel Piles. — The use of rolled structural sections as piles 
has been practiced to some extent for years. In the early years 
of this practice, I-beam sections were used, but since the intro- 
duction of the H-beam section, they have been extensively used. 
At present, sections having equal web and flange thickness are 
specially rolled for piling. These sizes vary from 8 to 14 in. 
with corresponding weight of 33 to 117 lb. per ft. The sections 
are commonly 40 ft. in length but may be effectively spliced 
by the use of steel plates welded or bolted to the webs. The 
contact areas should have full bearing. Further details may 
be found in structural steel handbooks. 

This type of pile has proved very successful in cases where 
driving conditions are diflS.cult and where the piles extend above 
the ground surface to act as a column. The comparatively small 
cross-sectional area offers little resistance to dri\’ing and close 
spacing of piles is therefore possible. These piles can be driven 
to a high penetration in dense gravel deposits where other types 
could be placed only with great difficulty by either the driving 
or jet methods. The section between low ground water and a 
point above ground surface where piles are usually cut off is 
often encased in concrete. In the part below permanent ground- 
water level corrosion is slight. The section exposed to the air 
is subject to the same corrosive action as any other expend steel 
structure and can be protected accordingly. 

Steel H-piles are usually driven with a st^m hamm« having 
sufficient weight to devdop from 7,000 to 16,000 lt.4b. per 
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blow. The use of a driving cap or helmet protects the pile and 
also aids in controlling alignment. 

The load capacity of steel H-piles is usually determined by 
the use of a modified column formula. For sections wholly 
within the soil, lateral support may be considered effective 
throughout. Good practice seems to indicate that loads are 
limited to 8,000 to 10,000 lb. per sq. in., with a reduction of 
5 per cent for each splice above one per pile. 

For piles resting upon rock the character of the rock will deter- 
mine the possible loading. Although a structural failure may 
not occur, the rock may shatter under repeated loading. Load- 
ings are therefore often decreased to 6,000 lb. per sq. in. of 
l>earing area. 

Where steel piles do not reach rock, dependence should be 
placed upon side friction and point resistance. To increase the 
resistance, horizontal stiffeners and vertical steel lagging are 
sometimes welded to the flanges. Timbers may be fitted 
between the flanges and bolted to the w^eb. Any pile-driving 
formula for the determination of static resistance should be used 
with caution w’hen dri^ing is done in cohesive or semicohesive 
soil. Loading tests are resorted to in many cases. 

This steel piling is often used for bridge piers and abutment 
foundations and particularly in trestlewwk where the sections 
aboveground act as a colunon. 

A combination of a steel pipe and a rolled H-piling section, 
known as a drllled-in caisson or a 'Western pile, is placed as 
follow's: 

Steel pipes 24 to 30 in. in diameter and reinforced with a 
heavy tempered-steel cutting shoe are driven into intimate con- 
tact with the rock. This forms a seal that prevents the inflow 
of material. The rock is then drilled to any desired depth and 
may be examined as the drilling proceeds. A core that may be 
an H-piling section or a reinforcing cage is introduced through 
the pipe and extends into the socket drilled into the bedrock. 
The pipe and the socket are then filled with concrete. 

These piles are constructed by the Western Foundation Com- 
pany. TTie load is considered to be transferred from the core to 
the concrete and then to the washed walls of the bedrock socket. 

8§. Briving and Loading Test Piles,— Data essential to the 
design of pile foundations may be obtained from pile-loading 
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tests. Where foundations cover large areas, it is well to drive 
test piles at frequent intervals. Whenever practi<*ab!e, test 
piles and the pile-driving equipment should be identical with 
those proposed for use in the final construction. 

Test loadings are usually made on single piles or on groups of 
three or four piles. It is only in rare cases that larger groiii:^ of 



Pig. 49. — Pile-loading test on a pile group. 


piles are used for test purposes because of the great expense 
involved. Reference is made to the report on such tests in 
connection with the work on Moiganm Moodway in Louisiana, 
in an article entitled “Timber Friction Pile Foundation.''^ 

The static resistance of a pile may be a very different quan- 
tity from the dynamic resistance shown in driving operations, 

^ Frank M. Master, Proc, Am» Soc, CwU Eng.^ November, 1941- pfK. 
1669-lb82. 
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Furthermore, the resistance of a pile group is a very different 
thing from the resistance of a single pile. Further reference is 
made to the bearing capacity of piles and pile-driving formulas 
in Appendix B. 

Test pile loadings are usually required by building codes 
where, in the opinion of the superintendent, a question or doubt 
of the bearing power of the soil exists. Careful records of the 
dri'vi.ng operation should be kept. Static loads in the form of 
steel or iron castings, sand bags, or water tanks are placed 
upon platforms built on the pile heads. TVTiere sufficient 
reactions are available to take the thrust, hydraulic jacks are 
sometimes used. A load of 100 tons is shown on a single mono- 
tube pile in Fig. 42 A. Figure 49 shows a load of 400 tons on a 
group of four monotube piles. 

The patented methods of pretest foundation given in Sec. 5 
test-loads every pile to 150 per cent of its proposed service loading. 

Building codes generally require that test piles sustain a 
loading of 150 per cent of the design load for a period of 24 hr. 
without settlement and that the total net settlement, after 
deducting rebound, be not more than 0.01 in. per ton of total 
test load. 

Test loadings, even w’hen made upon groups of piles, can at 
best be considered only as a model. The problem of predicting 
the probable behavior of larger groups or of entire pile founda- 
tions is largely a question of similitude. So many variable 
factom affect the results in both cases that certain assumptions 
are necessary. For example, there is at present no rigid mathe- 
matical method for the determination of stress distribution in 
the soil surrounding a pile or a pile group. Consequently 
results can be only as accurate as the original assumptions. 

SHEET PILES 

Sheet piling differs from any other type of piling in that it is 
rarely used to furnish vertical support but is used as a retaining 
wall. This use is either permanent, as in docks and piers, or 
temporary, as in cofferdams. 

WockI, steel, or reinforced concrete may be used for sheet piling 
— the latter, of course, in permanent work only. 

S6. Wood ^leet Piling. — ^The simplest form of sheet piling 
eonaste of a sin^b row ei planks driven with their edgas touching. 
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Properly braced this will support a bank of earth but w’ill n«)t 
keep out water (see Fig. 60a). Sometimes lighter pieces, €*alled 
“battens/’ are driven on the out- 
side over the joints (see Fig. 606). 

Tongue-and-groove sticks, 3 in. or 
4 X 6 in., are sometimes used for 
small cofferdams (see Fig. 60c). A 
double row of planks of the same 
thickness may be driven -with joints 
broken and is called “shiplap sheet 
piling” (see Fig. 50d). This type 
of piling is often used for the outer 
wall of puddle cofferdams. 

Before the introduction of steel 
sheet piling, piles w'ere sometimes 
made of timbers for deep coffer- 
dams by forming rectangular or 
dovetailed tongues and grooves by 
nailing wooden strips on the edges 
of the timbers (see Fig. 50e). 

These timber sheet piles sometimes 
had the grooves planed out of both 
edges of the timbers and a hard- 
wood spline driven in to make the joint 
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Fig. 50. — Types of tmil:>er sheet 
piliag. 


(see Fig. 50/). 

The most common form of timber sheet piling is that known as 
Wakefield, originally patented, but on 
which the patents have expired. It is 
made of three thicknesses of plank with 
the middle plank offset to form a tongue 
and groove (see Figs. 50g and 51). 

Wakefield piling is usually made of 
2-, 3-, or 4-in. pine or fir, surfaced on four 
sides. The piles are generally made at 
the site, with either wire nails, boat spikes 
or bolts. The planking is nailed with 
the center plank forming a tongue and 
groove by nailing a portion to the weather as follows: 



Fig. 61,- 


— Wakefield sheet 
pEing- 


2- m. plank makes tongue 2 to 3 in. 

3- in. plank makes tongue 334 to 4 in. 

4- in- playiilr 'mak^ tongue not ovckt 4 in* 
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This gives piling about 5, 8, and 11 in. thick. The length of nails 
should be 6, 9, and 12 in. respectively. This will allow in. for 
clinching. Bolts J 2 ^8 in* in diameter are used. 

When nails are used, one-half should be driven from one side of 
the pile and then the pile should be turned over and the remain- 
ing half driven. The nails should be driven on 1-ft. centers for 3 
to 6 ft. at each end of the pile and 3 to 4 ft. apart in the center por- 
tion of the pile. Thus, in a short pile 12 to 15 ft. long, the first 
three nails from either end are on l-ft. centers, while in a 27- or 
30-ft. pile the end 6 ft. would have nails driven on 1-ft. centers. 
Bolts are sometimes used at 6-ft. intervals and spikes at 18-in. 
intervals throughout the length of the pile. The pile is completed 








Fig. o2j. — S tandard rolled and fabricated corners. 


by making a 45-deg. cut on the lower end beginning about 3 in. 
from the tongue and by cutting off the upper comers at 45 deg. 
for about 3 or 4 in. to prevent brooming. Wakefield piling is 
usually made on the job and may be used more than once, pro- 
vided reasonable care is taken in the driving and pulling. 

87. Steel Sheet Piling. — ^The oldest form of metal sheet piling 
was made of cast iron. Steel sheet piling was introduced in 
American practice about the turn of the century. The early 
practice consisted of the use of standard stmctural forms such as 
plates, channels, Z-bars, and I-beams, which were fabricated to 
form the piling. Locking bars and various other devices were 
us^ to form the interlocks. 

CJomers for steel pile cofferdams were made by riveting struc- 
tural allies to the wel^ of the two halves of a standard sheet pile. 
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Sometimes the web -was bent to an angle of 90 deg. It was 
usually possible to complete a closed dam by the use of standard 
sections only by using care in the driving of the last few sections 
and sometimes assembhng several sections and driving them 
together. When necessary, a closing piece was made by splitting 
a standard pile and riveting the pieces together to give the desired 
width. Tapered closing pieces W'ere made in the same way. 
Sometimes closing pieces were bolted together with slotted holes 
to give the necessary flexibility. 


T- PIECE 



CROSS PIECE 



Fig. 526 . — Standard fabricated connections. 


The introduction of specially rolled shapes provided a great 
impetus to the use of metal piling. This piling is now almost 
universally used. In American practice the standard types of 
sheet piling differ but slightly- This difference is principally 
in the interlock and the general dimensions. The sheet piling 
of one manufacturer may be used with that of another, but the 
interlocking strength is usually reduced. 

The modem forms of steel sheet piling as manufactured by the 
Gamegie-IUinois Steel Gorporation are shown in Fig. 5S. The 
arch section is used in straight-wall installatiiMis and bulkh^ds 
where high lateral strCT.gih is required. Where a higher see- 
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U.S.S. Steel. Sheet Piling Sections* 







Section 



Weight. 


modulus of 

Section 

ine 

dis- 

tance 

pounds 

Web 

thick- 

single piece, 
inches® 


per 

pile, 

inches 

Per 

foot 

Per 
square 
foot 
of wall 

j^^inches 

Per 

pile 

Per 
foot of 
wall 


M 108 I 15 43.8 35.0 H 3.8 3.1 


M 107 15 38.8 31.0 3.7 3.0 


M 117 ! 15 38.8 1 31.0 H S.9 7.1 


M 106 I 14 1 36.2 I 31.0 1 H I 10.3 8.9 


M 113 i 

; 16 

M 112 

1 

16 

M no 

16 

M 116 

16 

M 115 

IQH 


20.4 15.3 


H 14.3 10.7 


H 8.8 *.4 


Mminattm iateckwk in direct tem^osi, based on a test p»eoe approximately 3 

:« im pociadb per iaeb id interlock: 

107, M 108, M 112 and M. 113 12,000 lb. 

106 and M 117 10,000 !b. 

no, M 115 and M 116 8,000 Ib. 

Wmi^ S3. — 'Meweff foims of steel £ibiae4 pile sectioiiB. 
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U.S.S. Steel Sheet Piling Sections — Z Piles* 


Profile 



Weight, jKJunds 

Driving' 

dia- 


tance , 
per pile, 
inches 


Pei 

Per jMiuare 
foot ! foot 
; of wall 


■Section modi 
inehea 


Web 

thick- 


ness, 

inches 


Per 

pile 


Per 
foot 
of wall 


18 57.0 I 38.0 ! 70.2 4«.8 


21 


56.0 I 32.0 


67,0 


3S 3 


1 Minimum interlock strength, based on a test piece approximatelj* 3 in. long, in pounds 
per inch of interlock 8,000 lb. 

Fig. 53. — {Continued) . 

tion modulus is essential, a Z-section may l)e used. Standard 
rolled and fabricated corners are shown in Fig. 52a and standard 
fabricated connections are shown in Fig. 526. For the details 
of sheet piling sections the reader should consult manufacturers’ 
catalogues and bulletins. The 1941 reprint of the 1938 edition 
of the U.S.S. Steel Sheet Piling Bulletin published by the Car- 
negie-Ulinois Steel Corporation is especially recommended. 

Figure 54 shows an example of the use of Z-section piling. 
The use of other standard sections in cofferdam wnrk is shown in 
Figs. 11 to 13. 

A standard and an interlock section of corrugated steel sheet 
piling manufactured by the Corrugated Steel Sheet Piling Cor- 
poration, Chicago, Illinois, is shown in Fig. 56<x and 566. This 
piling is rolled from open-hearth steel and has a tensile strength 
of 35,000 lb. per sq. in. The corrugations hawe a depth of 1 m. 




Pig. 54 . — Z piling used in freij^t terminal. 


8.66 to 1S.61 lb- per ft. for the interloek section. Comer pieces 
can also be fiirnished. Interlocking clips are electrically welded 
to the standard section. 
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The standard section is recommended by the manufacturers 
for temporary work, the interlock section for permanent installa- 
tions. It is claimed that maximum strength and rigidity are 
furnished, with a minimum of weight. 

88. Driving Sheet Piling, — Wakefield piling is still driven to 
quite a large extent by drop hammers as it stands up well under 


Fig. 55. — Caterpillar Diesel-powered speeder pile driver. 

impact. The piles are pressed tight into the groove b 3 ' means of a 
snub line, the loop end of which is dropped over a piece of piling 
left about 1 ft. high and several feet hack of the driving face; 
the other end is kicked down 3 or 4 ft. on the pile and then 
taken to a niggerhead and a strain taken on it. The line can be 
greased to prevent cutting. After the pile is driven to place it 
should foe tomailed to the i5ap and them a faro nail driven cloee 
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Fig. — Standard section, corrugated sheet piling. 




!Fkj, 566. — Inteiiocking section, <x>rrugated sheet piling. 
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to the back or grooved side to prevent the pile from springing 
until the cap and liners are nailed. 

Steel sheet piling is driven almost entirely with steam ham- 
mers. IModem hammers are equipped with removable bases 
that fit into the lower part of the hammer and over the pile 
head. Driving caps of cast or structural steel with wooden cush- 
ion blocks are used when the driving is hard. ^\lien piles are 
driven under Tvater, a follower usually made of a 6- to 7-ft. 
length of sheet piling is used. Steel channels and plates are 
iveted to its sides and fit over the pile section. The makere of 
the various kinds of steel piling have caps designed to fit their 
piles. Standard handling and pulling holes are provided at 
each end of sheet piling sections. These sections can be driven 
through sunken logs, old timber cribs, and materials such as 
brick and small stones usually found in made ground. Light 
steam hammers have been developed for driving small sheet 
piles. They can be handled by one man and are so arranged that 
the weight of the man is added to that of the hammer. Care 
should be exercised in handling steel sheet piling l>eeause small 
bends will damage the interlock and may produce excessive 
driving and pulling resistance. To pro\ide protection for the 
piling or to procure good alignment or to effect a quick closure, 
sheet piles are not usually driven to final penetration singly. 
Several piles are fixed in the driving position. Then each is 
driven a short distance in turn until the desired penetration of all 
the piles is reached. A Caterpillar Diesel-pow'ered Speeder pile 
driver is shown in Fig. 55 drbdng piling for a dam in a drainage 
canal. Wooden sheet piling on small jobs is often driven by 
hand with heavy wmoden mauls. Corrugated steel sheet piling 
may be driven either by hand or by light air or steam hammers. 

89. Removing Sheet Piling. — Steel sheet piles are pulled b^’ 
use of special tackle, pile extractors, or inverted steam hammers. 
When inverted steam hammers are used, a steady pull on the 
cables is also maintained. Figure 16 shows a pile extractor 
pulling steel sheet piling. Figure 17 shows an inverted steam 
hammer used for this purpose. Corrugated steel sheet piling 
may be pulled either by hand or by light power equipment. 

90- Watertightness. — ^Various methods are used to make steel 
sheet piling watertight- In the driving operation the inteiiock 
space is filled with the material pCTietrated. In highly imper- 
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meable soils this serves to seal the piling. Leaks may be closed 
by pouring cinders into the water on the outside of the piling 
close to the leaking joint. The interlock space may be filled with 
imi>ervious materials. This practice may, however, increase 
the driving or pulling resistance or damage the interlock. 

91. Durability. — -Experience has proved that the economic life 
of steel sheet piling warrants its use for permanent structures. 
Its use for such structures as docks, wharves, sea walls, core walls 
for dams, retaining walls, and for building and pier foundations 
is now common practice. Recommendations for the design of 
cantilever sheet piling and for sheet piling gravity bulkheads are 
contained in the manufacturers’ catalogues. 

92. Reinforced Concrete Sheet Piling . — Concrete sheet piles 
are precast piles usually made square or rectangular in cross 
section. A tongue-and-groove interlock is used and the foot is 
usually beveled in order that the pile will be forced against an 
adjacent one when driven. Sheet piles should be driven in good 
alignment and in some cases guide frames are used for this 
purpose. Changes in alignment should be made on easy curves. 

To secure watertightness the grooves are thoroughly cleaned 
by use of a wmter jet and are then grouted by the use of a small 
tremie. Expansion and contraction may be pro\ided for by the 
use of a flexible filler at intervals of 25 to 50 ft. A special 
split section, ha\ing a solid section below ground level and a slit 
section above it, is sometimes used. The slit is fiilled with flexible 
joint filler. This joint, when used, should be continued through 
the cap. 

Concrete sheet piles are used extensively as cutoff w^alls and 
for bulkheads, retaining walls, and other harbor structures. 

They may also be used for docks, jetties, breakwaters, or 
piers. In this work they are usually driven in parallel rows tied 
at the top. The space betw^een the rows is filled with soil or rock 
and a concrete slab placed on the top. For lateral reinforcement 
diaphragms of piles may be placed and tied to the walls at 
intervals of about 50 ft. 

When conditions permit, the water jet is used to sink- concrete 
sheet piling. Jet pipes may be built in the piles or external 
pipes may be u^sd. 

For methods c€ d^ign for cutoff walls, bulkheads, and break- 
waters, Hm reader is referred to the bulletin. Concrete Piles. ^ 
Published by tihe Purfiteid Oeaaeaat AsscxmtioxL, 'Obicago, IMiiKds. 



SECTION 4 
SPREAD FOOTINGS 

FOOTING AREAS 

1. Relative Allowable Pressure on Soil, — The bearing powei 
of various soils has been discussed in a general wslv in See. 1, 
but in actual foundation design for a building it will be necessary 
to modify or discount these values in accordance with the height 
and character of loading of the building. That is, for the .same 
soil conditions a smaller bearing value should be used for a high 
building than for a low (one- or two-story) building since any 
inequality in the loading of the building, or in the bearing value 
of the soil, might result in a serious overload on the soil in that 
section and possible failure due to unequal settling of the high 
structure, while the low one under the same circumstances might 
be little harmed. Then again, the relative bearing value of the 
same soil should be taken as less for a large multistoried ware- 
house designed for heavy floor loads, than for a low (three- or four- 
story) building with comparatively light floor loads. Briefly, 
this means that any table of bearing values for various soils 
should be used with a great deal of discretion and modified to 
correspond with what experience has taught to be safe values for 
any certain district. 

If the soil on which the footings are to rest is likely to flow' 
under load, or be disturbed by other foundation w'ork adjacent, 
or by seepage or drainage into sewers, special precautions should 
be taken to retain the soil. This is especially necessary where 
the foundation bed is of wet sand that might be pumped out in 
keeping the water out of excavations. Lines of sheet piling of 
concrete, steel, or wood, driven down to a depth below which any 
subsequent excavation is unlikely to go wrili usually give the 
desired results. 

For the footings of buildings without basements the footings 
need be carried down only b^ow the maxiimim frost line. This 

2m 
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rule holds good for footings on solid rock as well as in earth since 
much damage can be done by the freezing of water, w'hich may 
find its way into fissures in the rock xinder footings. After 
getting below the frost line, in general it will not be economical 
to excavate deeper unless a soil of greater bearing capacity can 
\ye found at such depth as will make the sa\’ing in concrete and 
steel in the footing, due to the lesser area, greater than the extra 
cost of excavation. However, in compressible soils, such as 
various clays, and in wet sands, the footings should be carried 
down Ixilow the line of possible danger of disturbance or lateral 
displacement of the soil by adjacent building operations, or to 
such depth that the weight of the soil above will prevent hea\dng 
at the periphery of footings under load. 

The bearing power of the soil under many buildings has been 
improved by drainage of the foundation bed by means of lines of 
drain tile laid adjacent to the exterior or wall footings and slightly 
below the bottom of these footings. In this way any ground or 
surface water, which ma^^ find its way to the level of the bottom 
of the footings and tend to lower the bearing value of the soil 
by the attendant softening thereof, is conducted away from the 
foundations. Where such drains are laid in sand, the joints of 
the tile should be carefully wrapped with burlap to prevent the 
entrance of the sand, for the movement of the sand might under- 
mine the footings- 

Sometimes hea'V’^" layers of sand or gravel have been placed in 
bottoms of excavations in poor soils in order to improve the 
bearing capacity, but this method is of extremely doubtful 
value if the undersoil is soft, for w'hen put under load the tend- 
ency is for the added material to squeeze into the natural soil 
and so cause settlement- The better method of increasing the 
allowable bearing on compressible foundation beds such as clays, 
is to drive short piles as close to each other as possible over the 
foundation area, thereby compressing the soil and raising its 
bearing power. 

2. Proportioning Footings- — ^The aim in all footing design 
where the foundation bed is at all compressible is to have the unit 
bearing pressure as nearly uniform under various conditions of 
loading as is possible, in order that the settlement, if any, may be 
uniform. The present-day methods of monolithic reinforced 
concrete construction greatly leduce the possibilities of unequal 
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settlement since tlie strength of the connecting units — coiuninsj, 
slabs, beams, or girders, or all combined— acts as a stiff framework, 
transferring some oi the load to adjacent column footings, where 
one footing tends to settle unequally, thus relieving the situation. 

To have the bearing pressure under all footings uniform or very 
nearly so, is impossible of attainment under all conditions of 
loading because of the fact that the interior columns carry a 
greater percentage of live load than the exterior columns. The 
problem, therefore, resolves itself into approximating equality 
of soil pressure by making the footing areas prof>ortional to loads 
that include only a part of the live load — say 50 per cent or less, 
or none of the live load — depending on the character of the occu- 
pancy. This results in relatively larger footing areas for exterior 
columns (for a given bearing value) as compared with the interior 
than would be the case if the full live load were considered in 
proportioning the areas of footings. 

The loads to be considered on building foundations are (1) 
the dead load of the building, (2) the live or movable loads to 
which the floors may be subjected, and (3) the wind loads. The 
latter loads are in general neglected on buildings having a width 
as great or greater than the height, or where the side walls are 
protected by other buildings. For veiy^ narrow and high build- 
ings it is essential that the vind loads be considered, for in 
buildings only two or three bays wide the loads on the leeward 
footings may be considerably increased by wind loads and unless 
they are proportioned accordingly, unequal settlement is very 
likely to occur. 

The dead load, or the weight of the structure itself including 
walls and partitions, can be readily computed. The maximum 
allowable load can also be readily computed, but it is evident that 
a building very seldom carries the maximum allowable live load 
over the entire area of each floor at the same time. Aisle spaces, 
unloaded areas, and partly loaded areas generally considerably 
reduce the actual live loads on the various floors. It wmuld 
therefore be wrong to proportion the columns and footings for 
the full allowable live load for which the floors may be designed. 

The usual practice in building design, therefore, is to d^ign 
the floor slabs for the full allowable live load per square foot, the 
girders for 85 per cent of this allowable or assumed Ive load, and 
to make a furlier reduction on the amount of live i<»d juried by 
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the building columns. The reduction of live load for columns 
varies with different city ordinances, the idea in general being to 
design the columns as nearly as possible for the probable actual 
loads they will receive owing to the conditions mentioned in the 
preceding paragraph. 

The 1939 Building Code of the City of New York fixes roof 
loads as follows: Roofs having a rise of 3 in. or less per foot of 
horizontal projection shall be proportioned for a vertical live 
load of 40 lb. per sq. ft. of horizontal projection applied to any 
or all slopes. With a rise of between 3 and 12 in. per ft., a 
vertical live load of 30 lb. on the horizontal projection shall be 
assumed. If the rise exceeds 12 in. per ft., no vertical live load 
need be assumed, but provision shall be made for a wind force 
of ^ lb. per sq. ft. of roof surface acting normal to such surface 
on one slope at a time. 

This same code pro\ddes that live loads may be reduced as 
follows: In structures intended for storage purposes all columns, 
piera, or walls and foundations may be designed for S5 per cent 
of the hill assumed live load. In structures intended for other 
uses the assumed live load used in designing all columns, piers, 
or walls and foundations may be as follows: 

100 per cent of the live load on the roof. 

85 per cent of the live load on the top floor. 

80 per cent of the live load on the next floor. 

75 per cent of the live load on the floor next below. 

On each successive lower floor, there shall be a corresponding 
decrease in the percentage, pro\’ided that in all cases at least 
50 per cent of the live load shall be assumed. 

Other column load reduction formulas are used, the most 
common being that recommended by the National Board of 
Tire Underwriters, namely. 

Except in buildings used for storage purposes, in designing a column, 
girder, truss, wall, pier, or foundation, carrying more than one floor, the 
live loads of the floors dependent for support on such column, girder, 
truss, wall, pier, or foundation may be reduced, but shall not be 
taken at le® than the following percentages of live load for which 
such Boors were decdgned, to wit: 100 per cent for the topmost floor, 
90 per cent for the floor iiext below that, and at (Xiriespondingly decreas- 
ing pereent^es f€» lower Aucmb, hut ia no mm at lem than 50 per cent 
for any floor. 
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The lower story column live load, as arrived at by the fore- 
going or similar reduction formulas, is the load for which the 
maximum stresses in the footing should be computed. For 
interior column footings this load should be used together with 
the dead load to find the area of footing required, using t!ie 
maximum allowable bearing pressure on the soil in question. 

After having found the footing area required, divide the sum of 
the dead load and 30 per cent of the lower story column live load 
(as reduced) by said area, and a new bearing value will be found. 
Kow take the exterior column dead load plus 30 per cent of the 
lower story column live load (as reduced) and divide by the new 
bearing value already found. The result wdll be the area for 
exterior footings. In computing stresses in the exterior footings, 
however, the lower story colunm live load as reduced (not 30 
per cent of said live load), plus the dead load, should be used. 

Illustrative Problem- — Determine column footing areas for a six-story ami 
basement office building with panels 20 X 20 ft. Roof pitch is 2 in. per ft. 
Roof live load is 40 lb. per sq. ft., floor live loads are 50 lb. per sq. ft., and 
basement load is 200 lb. per sq. ft. Floor loads are to be reduced in accord- 
ance with the New York City code for office buildings. Maximum allowable 
soil pressure is 4,000 lb. per sq. ft., neglecting weight of footing. 

A summation of the reduced live-load intensities on roof and flcKjirs and 
full basement load gives 458 lb. per sq. ft. 

Interior column load: 

Dead load == 257,000 lb. 

live load = 20 X 20 X 458 = 183,000 lb. 

Total = 440,000 lb. 

Dead load plus 30 per cent of live load = 312,000 lb. 

Exterior column load; 

Dead load = 197,000 lb. 

Live load = 20 X 10 X 458 = 92,000 lb. 

Total = 289,000 lb. 

Dead load plus 30 per cent of live load — 225,000 lb. 

440 000 

Interior column footing area required = 4 ooo” sq. ft. 

Make footing 10.5 ft. square = 110 sq. ft. 

Pressure on soil for dead load plus 30 per cent of live load 

i 2,840 lb- per sq. ft. 


Arm of exterior footing required 


225,000 

2840 


Make footing, 8 ft. 11 in. aqtiare = TO aq. ft. 


T9 sq. ft- 
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In computing stresses in the exterior footing, the pressure for the entire 
reduced live load and dead load must be used, and this is 


289,000 

79 


3,660 lb. per sq. ft. 


From this it will be noted that, while under total reduced live and dead 
load the pressure under the interior footings is 4,000 lb. per sq. ft., under the 
<*xterior footings it will be only 3,660 lb. This indicates that the design 
is such as to preclude any marked difference in settlement of the exterior 
and interior footings. For dead load only the pressure under the exterior 
footing is 2,500 lb. per sq. ft.; under the interior column footing it is 2,340 
lb. pt?r sq. ft. 

In cases where the assumed live load is somewhat larger — say 200 lb. 
per sq. ft. — it would probably be well to proportion the footings by using 
50 per cent of the reduced live loads instead of 
30 per cent as illustrated. 

3. Eccentricity in Footings. — Wher- 
— . ever possible, footings should be so 

. designed as to have the center of pres- 

sure coincide -with the center of the base 
of the footing. This, however, is not 

always possible of attainment since un- 

L. Q _ J der some conditions a combination of 

i . ■ [ I 1 1 i" j iTi - wind or earth pressure (or both) with the 

dead and live loads may be such as to 
^ make the line of resultant pressure 

Case (l ) depart from the vertical and intersect 

^iddle^hirTf^ the base of the footing at some point 
beyond the center. In such a case the 
J footing is said to be loaded eccentrically 
. p pressure on the soil is not uni- 

'1 1 I } I 1 1 \ ^ form, but varies from a minimum at one 

F" ^ ^ maximum at the other. 

j£ line of resultant pressure lies 
Case (2) within the middle third of the footing 

Resultant' gut^kie (in which case e, the eccentricity, is less 
^ ^ * than where I equals the dimension 

of the footing base in the plane under 
consideraiion), the pr^ure on the soil will vary from a minimum 
at the edge farthest from the point of intersection of the resultant 
with the base to a mamnum at the oppomte side. The variation 
in the pressure for tiais wnditioii is shown in Fig. 1, Case (1), 




Case (2) 

Resultant outside 

m'MIefhird 
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The actual intensities of pressure at the interior and exterior 
edges of the footing, marked I and E, respectively, are given by 
the formulas 



in which the footing is assumed to be square or rectangular, and 
IF equals the total vertical load on the footing, or the total load 
per linear foot on a wall footing. To obtain the unit l>earing 
pressure, the value of Fi or Fe should be divided hy the width of 
footing (1 ft. in the case of the wall footing). 

If the resultant of pressure intersects the base outside the* 
middle third, the eccentricity will be greater than ^ and the 
pressure on the base will var^’^ from a condition of no pressure 
or an uplift on the side farthest away to a maximum at the side 
nearest to the point of intersection of the resultant with the base. 
This condition is shown in Fig. 1, Case (2), where 



The condition of pressure shown in Case (2), however, should 
never be allowed in good design especially in buildings. When 
investigation indicates a footing to be so stressed, it should be 
redesigned. 


CONCRETE FOOTINGS 

4. Wall Footiags. — A building of the wall-bearing type (that 
is, where no exterior columns are used — the floor slabs resting 
directly on the exterior brick or concrete walls) will usually 
require the footing for the exterior wall to be reinforced as a 
balanced cantilever projecting beyond each face of the wall an 
equal distance. In residence work or in large buildings where 
the bearing power of the soil is hi|^, the wall footings will have a 
small projection and are usually consl^cted of plain concrete, 
the usual practice being to make the thieknes® of each footing 
course twice the projection of the course beyond the course alKsve. 
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In designing a reinforced concrete wall footing the bending 
moment at any section of the footing at a distance x from the 
end (Fig. 2) will be 

M = 

where w ~ the uniform bearing pressure per linear foot of footing 
for a given vidth of section. Now if I is the extreme width of 
footing and a is the thickness of W'all, the bending moment at the 
face of the w’all will be 

M = }iw(l - ay 

For a section at the center of wall the bending moment will be a 
maximum and equal to 

M = ~ la) 

How’ever, since the resisting moment will be much greater at 
this point than at any in the footing projection, owing to the 
greater depth of w’all, the critical sec- 
tion will be at the face of wall. That 
this is actually the case is borne out 
by Talbot’s tests on reinforced concrete 
footings.^ These tests indicate that 
the maximum tensile stresses developed 
at the face of wrall are somewhat less 
than the calculated stresses even w'hen the wall and footing were 
not cast at the same time. 

In designing reinforced concrete cantilever footings for walls, 
special consideration should be given to the ascertaining of bond 
stress and diagonal tension. In computing the maximum bond 
stress on bars, Talbot’s tests show that the total external shear 
at the face of the wall should he used in the formula for unit 
bond str^. In computing the shear for diagonal tension, how- 
ever, it should be taken on a line at a distance away from the 
waE equal to the effective depth of the footing. In view of this 
fact diagonal tension is quite likely to govern in the design of 
footings competed of a number of steps or with a sloped top, 
since the depth is ^nerally less at a distance d from the face 
of the wall than at the wall. As a general rule it will be found 

^ Jfi. Bn§. Bsp. Sia. Btdl. &7. 
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better practice, from the standpoints of design and construction, 
to keep down the amount of diagonal tension reinforcement by 
making the footing courses relatively thick. In any event the* 
reinforcement for diagonal tension should lx* lx.*nt to template 
and proper supports pro\dded to ensure its correct placement and 
location in the finished work. 

5, Types of Column Footings. — Column footings may lie 
divided into four principal types depending on the numlx?r of 
columns the footing supports, namely, ( 1 ) isolated or single 
footings supporting one column; (2) combined footings to carry 
two or more columns; (3) cantilever footings, usually supjxirting 
one exterior and one interior column; (4) continuous fcx>tings, 
supporting a line of columns, or all the columns of a building on 
continuous strips of footings at right angles to (and integral 
with) each other, or on a mat covering the entire lot area. 

6. Single or Isolated Column Footings. 

6a. Plain Concrete Footings. — Plain concrete foot- 
ings are the natural outgrowth of the now almost obsolete stone 
masonry footings in which each of the courses forming the footing 
act as cantilever beams projecting beyond the next course above 
and are uniformly loaded. Since no reinforcement is used, the 
design should be such that all projections will have a thickness 
sufl5.cient to keep the tensile stress in the concrete well within the 
allowable under the maximum condition of loading. 

The University of Illinois tests on plain footings gave results 
showing considerable variation that did not permit a method of 
determining the effective width of resisting section to be estab- 
lished or to obtain a formula for resisting moment. Based upon 
the full section of the footing, the moduli of rupture obtained 
were considerably less than the moduli of rupture of control 
beams made with the same concrete. 

In view of these facts it seems that the better practice to follow 
in the design of such footings is to proportion them so as to 
eliminate all bending stresses. 

In a reinforced concrete footing the loa.d is transmitted to the 
soil over its entire area by virtue of the deflection or deformation 
of the fooihig under load, while in a plain concrete footing on a 
hard soil or rock the load tends to distribute only over such area 
as lies within the base of a pyramid or (5one formed by the lines 
of stress from the base of the colinnn to the bottom of the footing. 
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The general practice is, therefore, based on the assumption that 
the load is carried through the concrete at an angle of 30 deg. with 
the vertical. If all the projections lie outside of a line dravui at 
30 deg. with the vertical from the edge of column to the bottom 
of the footing, no bending stresses wdll exist. The simplest form 
of a plain concrete footing would therefore seem to be a pyramid 
or cone, but ovdng to the difficulty of holding the forms on foot- 
ings of this shape, stepped or coursed footings are used with all 
projections lying outside of the above-mentioned line of stress. 
To design a plain concrete footing on this basis, first find the area 
of footing required, and from one-half the wddth of the bottom 
course subtract one-half the column size, and dimde the result by 
the tan 30 deg. This vill give the required height of footing. 
Then divide the footing into as many vertical steps as desired, 
keeping the projections entirely outside of a 30-deg. line vdth 
the vertical from edge of footing to edge of column. 

In stepping ofi plain concrete footings the steps should be at 
least 12 in. high and preferably more. The area of the top course 
should be such as will allow the maximum bearing value on the 
footing concrete directly imder the column base. 

For footings on rock or on soil capable of sustaining relatively 
high unit loads, plain concrete footings should be used rather than 
reinforced concrete since, owing to the unyielding character of the 
foundation, the reinforced concrete footing could not act as 
designed. 

Where excavation must be carried to a considerable depth 
belo'w the ground-floor line, it wiU often be found more economical 
to use plain concrete footings since no saving can be made in 
excavation, which generally makes for economy in reinforced 
footings. Also the footing concrete will usually be cheaper than 
the extra length of reinforced concrete column required if rein- 
forced footings without plinth blocks are used. 

66. Advantages of Reinforced Concrete Footings. — 
Except in certain cases as already mentioned where plain con- 
crete footings can be used to advantage, reinforced concrete foot- 
ings will in normal times be found the most economical, since a 
saving in excavation, material, and weight of footing itself can 
be made. 

A study made a few years ago as to the relative cost of various 
shap^ reinforced concrete footings developed the conclusions 
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that footings with sloping tops are most expensive to build, single 
course footings next, and then a decreasing range of cost iis more 
courses, for a given depth, were used in the footings. 

6c. Su mm a r y of Professor Talbot’s Tests-~“The 
fact that the tests made under the direction of Professor TallKit 
at the University of Illinois were the first made on column fcK>t- 
ings makes the phenomena of the tests and data of their action 
of especial interest to engineers and designers. It is, therefore, 
deemed advisable to quote in full the summar>^ of conclusions 
drawn. Much information as to weaknesses in footings to be 
guarded against and as to methods of calculation of bending and 
resisting moments for square footings is given. This informa- 
tion is of special value in design of footings of any character if 
properly used. 

1. A square column footing under load may be expected to take a Ik»w 1- 
shaped form. In slabs subject to bending in two directions, the stress in a 
fiber cannot differ from that in an adjoining fiber at the same level without 
setting up longitudinal shear; and as there is considerable resist iim.*e to varia- 
tion from equality of stress in. adjoining fibers, it may be expected that 
in stiff thick pieces (as are footings of ordinary design, where the thickness is 
large in comparison with the length of the projection t the deformations and 
consequent stresses will be distributed over the width of a cross section and 
that considerable stress will be developed even in the fibers at the edg<.^ 
of the footing. 

2. For footings having projections of ordinary dimensions, the eriti<*al 
section for the bending moment for one direction (which in two-way rein- 
forced concrete footings is to be resisted by one set of bars) may be takeii 
to be at a vertical section passing through the face of the pier. In calcu- 
lating this moment, all the upward load on the rectangle lying betwwn a 
face of the pier and the edge of the footing is considered to act at a center of 
pressure located at a point halfway out from the pier, and half of the 
upward load on the two comer squares is considered to act at a center of 
pressure located at a point six-tenths of the width of the projection from the 
given section. By equating this bending moment and the resisting moment 
that is available at the given section, the maximum tensile stress in the 
concrete or in the reinforcing bars may be calculated. 

3. As is usually the case when plain concrete is used in flexure, the 
unreinforced footings show considerable variation in results. The varia- 
tions were such as not to permit a method of determining the effective 
width of resisting section to be established or to obtain a formula for resist- 
ing moment. Based upon the full section of the footing, the mcniuliof 
mpture obtained were considerably less than the moduli of mpture of con- 
trol beams made with the same concrete. 

4. In reinfo'roed coacarete coluinii footiiigs, resistaB-ee to iMmiiiaifotmity 
of str^s in .adjoining bars will be given by bond and by lot^t«imal aiKsmr 
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in the concrete, and the amount of variation from xmiformity of stress in the 
various bars will depend upon the spacing of the bars as well as upon the 
relative dimensions of the footing. With two-way reinforcement evenly 
spaced over the footing, it seems that the tensile stress is approximately the 
same in bars lying within a space somewhat greater than the width of the 
pier and that there is also considerable stress in the bars that lie near 
the edges of the footing. For intermediate bars stresses intermediate in 
amount will be developed. For footings having +-wo-way reinforcement 
spaced uniformly over the footing, the method proposed for determining the 
maximum tensile stress in the reinforcing bars is to use in the calculation of 
resisting moment at a section at the face of the pier the area of all the bars 
that lie within a width of footing equal to the width of pier plus twice the 
thickness of footing, plus half the remaining distance on each side to the 
edge of the footing. This method gives results in keeping with the results 
of tests. When the spacing through the middle of the width of the footing 
is closer, or even when the bars are concentrated in the middle portion, the 
same method may be applied without serious error. Enough reinforcement 
should he placed in the outer portion to prevent the concentration of tension 
cracks in the concrete and to provide for other distribution stress. 

5. The method proposed for calculating maximum bond stress in column 
footings having two-way reinforcement evenly spaced, or spaced as noted 
in the preceding paragraph, is to use the ordinary bond stress formula, and 
to consider the circumference of all the bars that were used in the calcu- 
lation of tensile stress, and to take for the external shear that amount of 
upward pressure or load which was used in the calculation of the bending 
moment at the given section. 

An important conclusion of the tests is that bond resistance is one of the 
most important features of strength of column footings, and probably 
much more important than has been appreciated by the average designer. 
The calculations of bond stress in footings of ordinarj’" dimensions where 
large reinforcing bars are used show that the bond stress may be the govern- 
ing element of strength- The tests show that in multiple-way reinforcement 
a special phenomenon affects the problem and that lower bond resistance 
may be formd in footings than in beams. Longitudinal cracks form rmder 
and along the reinforcing bar due to the stretch in the reinforcing bars, which 
extend in another direction, and these cracks act to reduce the bond resist- 
ance. The development of these cracks along the reinforcing bars should be 
expected in service under high tensile stresses, and low working bond 
stresses should be selected. An advantage will be found in placing under 
the bars a thickness of concrete of 2 in., or better 3 in., for footings of the 
size ordinarily used in buildings. 

Difficulty may be found in providing the necessary bond resistance, and 
this points to an advantage in the use of bars of small size, even if they 
must be dk»^y spaced. Generally speaking, bars of size or smaller 

will be found to serve the purpose of footings of usual dimensions. The 
use of large bars, because of ease in jdacing, leads to the construction of 
footings that are hmecure in bond resfetance. In the tests the column 
footings that were rranforced witih deformed, bars dev^oped high bond 
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resistance. Curving the bar upward and backward at the end increasMi 
the bond resistance, but this form is aw’kward in construction. Rein- 
forcement formed by bending long bars in a series of horizontal loops cover- 
ing the whole footing gave a footing with high Imnd resistance. 

6. As a means of measuring resistance to diagonal tension failure, the* 
vertical shearing stress calculated by using the vertical sections formed upon 
the square that lies at a distance from the face of the pier equal to the 
depth of the footing was used. This calulation gives values of the shearing 
stress, for the footings that failed by diagonal tension, which agree fairly 
closely with the values that have been obtained in tests of simple lx‘aniH. 
The formula used in this calculation is 


V 

where T” is the total vertical shear at this section taken to be equal to the 
upward pressure of the area of the footing outside of the section considered, 
h is the total distance around the four sides of the section, and jd is the dis- 
tance from the center of reinforcing bars to the center of the compressivi* 
stresses. This stress is somewhat larger than the a^’erage vertical shear 
over the section that is sometimes used. The working stress tha'. was fre- 
quently specified for this purpose in the design of beams, 40 Ib. p*:T sq. in., 
for 1:2:4 concrete, was at that time applied to the design of footings. 

The shear at the critical section may be calculated for the vertical sec- 
tions that enclose the pier footing, although it may be expected that shear 
failure may not be produced exactly on this section. The value now gen- 
erally accepted for shear at the critical section, 120 lb. per sq. in. for 1:2:4 
concrete, may be used for the working stress in this ease. 

7. No failures of concrete in compression were obsem^ed, and none w'ould 
be expected wnth the low percentages of reinforcement used. The compres- 
sive stresses in the pier of the footing were in some cases very high. In a 
few instances the pier failed and was replaced by a cube of concrete. In 
frequent cases there were signs of distress near the intersection of pier and 
footing where there is an abrupt change in direction of surfaces and where 
the combined stresses are very high. 

8. In stepped footings, the abrupt change in the value of the arm of the 
resisting moment at the point where the depth of footing changes may be 
expected to produce a correspondingly abrupt increase of stress in the rein- 
forcing bars. Where the step is large in comparison with the projection, 
the bond stress must become abnormally large. It is evident that the dis- 
tribution of bond stress is quite different from that in a footing of uniform 
thickness. The sloped footing also gives a distribution of stress that is 
different from that in a footing of uniform thickness. However, for footings 
of uniform thickness, the bond stress is a maximum at the seetkm of the 
face of the pier; in a sloped footing, the bond stress at the section at the face 
of the pier would be less accordingly than in a footing of uniform thiekne®, 
and a moderate slope may be foimd to distribute the bond stress more 
uniformly throughout the length of the bar. This is not of a«iv*uatage if 
the full embedment of the bar is 'effective in mmi&etg, any p«il due to bond. 
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9. The use of short bars placed with their ends staggered increases the 
tendency to fail by bond and cannot be considered as acceptable practice 
in footings of ordinary proportions. In footings in which the projection is 
short in comparison with the depth the objection is very great. 

10. Footings having reinforcement placed in the direction of the diagonals 
as well as parallel to the sides (four-way reinforcement) gave good tests. 
The significance of the results is so obscured by the variety of manner of 
failure (bond, diagonal tension, and perhaps tension) and by variations in 
the quality of the concrete, that a comparison with two-way reinforcement 
on the basis of loads carried would not be of value. This type of distribution 
of reinforcement should be included in further tests. ^Measurements of 
deformation in the bars are needed to determine the division of stress among 
the four sets of bars. 

M. Design of Isolated Footings. — The 1941 Building 
R-egulations of the American Concrete Institute will be followed 
in the design of all reinforced concrete and plain concrete footings 
discussed herein. 

Maximum Bending Moment . — ^According to the regulations 
the external moment on any^ section should be determined by 
passing through the section a vertical plane that extends com- 
pletely” across the footing, and computing the moment of the 
forces acting over the entire area of the footing on one side of 
this plane. The greatest bending moment to be used in the 
design of an isolated footing should be the moment so computed 
at sections located as follows: for footings supporting a concrete 
column, pedestal, or wall, at the face of the column, pedestal, or 
wall; for footings under masonry walls, halfw^ay between the 
middle and the edge of the wall; and for footings under metallic 
bases, halfway between the face of the column or pedestal and the 
edge of the metallic base. 

The width resisting compression at any section should be 
taken as the entire width of the top of the footing at the section. 

In one-vray reinforced footings, the total tensile reinforcement 
at any” section should provide a moment of resistance at least 
equal to the moment computed in the manner already described, 
and the reinforcement so determined should be distributed 
uniformly across the full width of the section. 

In two-way reinforced footings, the total tensile reinforce- 
ment at any section should provide a moment of resistance equal 
to at least 85 per cent of the moment as already computed, 
and the total rranfoiwinent so determined should be distributed 
aero® the fuB ifidlii of the fooling. 
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Stresses . — Critical sections for bond should lx* assumed 
at the same planes as those indicated for moment, and also at all 
other vertical planes where changes of section or of reinforcement 
occur. The total tensile reinforcement at any section should 
provide a bond resistance at least equal to the lx)nd requirement 
as computed from the following percentages of the external shear 
at the section: 

1. In one-way reinforced footings, 100 per cent. 

2. In two-way reinforced footings, 85 per cent. 

The allowable bond stresses, as specified by the regulations, 
are as follows: for plain bars, in one-wat^ footings, 0.06/'<r; in 
two-vray footings 0.045/'c; for deformed bars, in one-way foot- 
ings, 0.075/'c; in two-way footings, 0.056/^. All bars in footings 
should be hooked at the ends. However, at no time may the 
allowable bond be taken at a value greater than 160 lb. ix?r sq. in. 
for plain bars and 200 lb. per sq. in. for deformed bars. 

Shearing Stresses . — ^The critical section for shear to be usc^d 
as a measure of diagonal tension should be assumed as a vertical 
section obtained by passing a series of vertical planes through 
the footing, each of which is parallel to a corresponding face of the 
column, pedestal, or wall and located a distance therefrom equal 
to the depth d for footings in soil, and one-half the depth d for 
footings on piles. Each face of the critical section so obtained 
should be considered to resist an external shear equal to the load 
on an area bounded by said face of the critical section for shear, 
two diagonal lines drawn from the column or pedestal corners 
and making 45-deg. angles tvith the principal axis of the footing, 
and that portion of the corresponding edge or edges of the footing 
intercepted between the two diagonals. The allowable shear 
to be used as a measure of diagonal tension is 0.03/% but should 
not exceed 75 lb. per sq. in. The quantity /% is, in all cases, the 
ultimate compressive strength of concrete at the age of days, 
expressed in poxmds per square inch. 

7- Combined Column Footings, — ^Where the exterior building 
columns are so located with respect to the property lines that 
sufificient bearing area cannot be obtained for a symmetrical 
isolated footing, a combined footing can be used. In aich a 
footing, the exterior column in question is CMxied on a common 
footing with the adjacent interior column, the footii^ b«ng of 
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such size and shape as to give the required bearing area and to 
make the center of gravity of the loads coincide with the center 
of the upward reaction. This is essential in order that, if any 
settlement should occur, it will be as nearly uniform as the charac- 
ter of the soil mil allow and also to avoid dangerous transverse 
stresses in columns. At corners of buildings it often becomes 
necessary, owing to the above-mentioned restrictions, to place 
four columns on a combined footing, which may be solid or with a 
portion of the center omitted if the bearing value of the soil is 
relatively high. 

Various shapes of combined footings can be used depending 
upon the relation of the column loads, the allowable projection 
of the footing beyond the respective column center lines, and 
whether or not relatively high shearing stresses are allowed. 

From the standpoint of economy the rectangular-shaped foot- 
ing with a greater thickness under columns (to take care of punch- 
ing and diagonal shear) is the best. In such a footing few’er 
different lengths of bars are required, the transverse bending 
stresses are reduced to a minimum and also the amount of 
diagonal tension and the direct moment reinforcement. The tw'o 
latter reductions are possible because of the greater thickness of 
slab at columns, w’hich in turn cuts dowm the span of slab, in the 
same manner as the flaring heads in fiat-slab construction. 

If a footing of uniform thickness is used, the span-producing 
moment is greater and the shearing stresses wdll either be higher 
or the depth for moment excessive. Such footings should, 
therefore, not be used except for small footings or where it is 
necessary to keep the footings relatively shallow because of soil 
conditions. 

From a construction standpoint the simpler the reinforcement 
and the shape of footing the cheaper will be the cost. The con- 
struction engineer detests nothing more than an irregular-shaped 
footing loaded with stirrups and bent bars of different lengths, 
for, when working below ground level, noany difficulties are met 
with that militate against obtaining a first-class job if the 
layout of reinforcement is complicated. 

In general, no limitation is placed on the allowable projection 
of footing beyond the interior column. Therefore, an illustra- 
tive example of a rectangular combined footing is given in Art. 10 
ance it repr^ents the b^t and most common practice. 
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8. Cantilever Footings. — ^The type of footing demiihed in 
Art. 7 — ^the combined footing in which two eolurnriK are carried 
on the same footing so proportioned as to have the center 
of gravity of the loads coincide with the center of gravity of the 
upw’-ard reaction — is sometimes confused with, or even called, a 
cantilever footing, w'hich, of course, is not correct. A cantilever 
footing is a construction connecting the footings of an interior 
and of an exterior column, the latter because of obstructions or 
local conditions being so placed as to have its center of gravity 
eccentric with the center of gravity of the column. This neces- 
sitates a strap or beam connection with the interior footing, 
w-hich transfers the uplift, caused by cantilevering the exterior 
column beyond the center of the footing area supporting it, to 
the interior column footing. This construction is used where it is 
necessary to avoid encroachment on adjacent property or streets. 

In this type of footing the uplift created at the footing for the 
interior column is found by multiplying the exterior column load 
by the eccentricity of the footing and dividing by the distance 
betwreen the center of gravity of the exterior footing and the 
interior column. The strap connecting the tw’^o footings should 
be sufficiently strong to resist the bending moment caused by 
the eccentricity and the shear at the interior column. In con- 
struction the strap beam should be built so as not to bear on the 
foundation bed, which would complicate the action of the footing. 
This requirement can be met by excavating below' the line of the 
bottom of the strap and building forms above. The space under- 
neath should be boxed off so as to prevent filling in under the 
strap beam form (see Fig. 9, p. 252). 

9. Continuous Footings. — Continuous footings may be divided 
into two main classes depending upon w'hether or not they are 
continuous betw^een one or more lines of columns in one line and 
at right angles thereto. Where they are continuous betw’een 
columns in one row only, as is often the case for wall columns 
where it is necessary to keep the projection beyond the building 
to a minimum owing to building code or property line restrictions, 
they are usually called ^‘continuous footings. If they cover the 
entire lot or are composed of several strips at right angles to each 
other built monolithic and supporting ah the columns, they 
have generally been called “ raft '' footings. This latter name has 
been appEed ^ce such footings should be used only where 
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bearing power of the soil is very low and the function of the 
footing is literally to “float” the building on a raft covering 
the entire ground area — or a large part of it — occupied by 
the building. They may also be used where the soil conditions 
require pile foundations, and the building loads are so heavy as to 
require a large number of piles that make it necessary to cover 
practically the entire building area with a “raft.” 

When soil conditions seem to warrant the use of continuous 
footings, the engineer should, by very careful study and tentative 
design, determine whether or not this type will be more econom- 
ical and satisfactory than pile foundations, the next logical choice. 
Where investigation of the soil conditions shows a soil stratum of 
greater carrying capacity underlining the one in which the foot- 
ings would be placed under ordinary circumstances, at a depth 
not to exceed 25 or 30 ft. below the latter, and there is any danger 
of the upper strata being disturbed or settling materially owing to 
adjacent building operations, it will usually be found more 
economical and a more stable foundation will be secured by using 
concrete or wood pile foundations or circular piers carried down 
to the solid stratum in wood-sheeted wells. 

Continuous footings are best adapted to clay soils of low bear- 
ing power where the tendency to unequal settlement due to 
unequal loading of various parts of the building can be counter- 
acted by tying the entire structure together as a large box, thus 
making adjoining portions of the footing aid the overloaded one 
in carrying the load. The action of such a footing under load is 
analogous to what tests show happens in a flat-slab floor under 
unequal loading. 

In cases where it is necessary to load the entire foundation 
area, the footing slab can be designed as a flat-slab floor. In 
designing, however, it will be well to guard against undue bending 
stresses in the exterior columns produced by eccentricity of 
loading if the slab or mat does not project beyond the building 
lines sufficiently to balance the load. It should be remembered, 
however, that, where the exterior columns act as buttresses or 
supports for the basement walls, the pressure against these will 
relieve or counteract a certain amount of the bending induced by 
the eccentricity of the footing l<md. 

Instead of using the ordinary sloping column head, so common 
in flat-dlab ‘construction, as a base for the column resting on the 
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footing slab, it will be found more economical to use a s(|iiari‘ or 
oblong pedestal consisting of one or more coursers of sufficient 
size and depth to meet the requirements of accepted flat-slab 
design. For cases where the column spacing is over 20 ft. it 
may be found more economical to use a paneled slab for the mat, 
i.e., one with greater thickness for the portions of the sla}> 



Fig. 3- 

containing the main reinforcing running direct between columns. 
A considerable saving in concrete may thus be effected by such 
footing slabs, which should be designed by the same methods as 
used for “paneled ceiling” construction. 

An example of continuous footing supporting all columns of 
the building on several strips of reinforced concrete slate at 
ri^t angles to each other is shown in Fig. 3. Note the method 
of obtaining additional bearing area for columns supporting the 
sprinkler tank in addition to tfce r^ular buttding 
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An example of a raft foundation composed of beams or 
girders at right angles to each other with a relatively thin slab 
underneath to distribute the load over the entire area is shown in 
Fig- AA This raft was designed as a T-beam structure and, 
although a saving in the design was effected in this respect, it 
requires an extra fill and another slab for the basement floor over 
the footing slab proper. A raft of fiat-slab construction elimi- 
nates the necessity of another slab for the basement floor provided 




Section /IrB. 


Fia. 4. 


the column bases required for shear and moment considerations 
are not so large as to take up a considerable added area in the 
basement. 

10. Illustrative Problems in the Design of Isolated, Combined, 
and Cantilever Footings of Reinforced Concrete. Design Data . — 
Deagn the necessary interior and exterior column footings for a 
three-story and basement building with interior panels 20 X 
20 ft., center to center of columns, and with exterior exposed 
columns placed so that the distance from the center of the first 
row of interior columns to the outmde face of the exterior columns 


^ W. A. How, Mm§. Aag. 2&, 1909, p. 212. 
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is 20 ft. (Fig. 5). Floor loads are 200 lb. per sq. ft. Tbe building 
is to occupy a lot 80 ft. wide by 200 ft. long with street on one side 
and one end, alley at the other end, and an inside lot line on the 
other side. On the long street side, footings can project only 





Fig. 5. 


18 in. beyond the lot line by city ordinance because of future 
proposed subways. On the other street there are no restrictions. 
On the inside property line, outer faces of columns are to be on the 
line. Maximum allowable soil prei^ure is 4,000 lb. per sq, ft., 
ne^ecting wei^t of fooling. Si 2 !es of wlumns are as foltows: 
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interior roIumriK, 24 in. in diameter; exterior columns, 24 X 36 m.; 
comer eohiriiris, 18 X 36 in. The stri^sses to be usc^d in the 
design of all fmitings will be 

Ii«*inforririg ste«4 : /» — 20, (XK) lb. per sq. in. 

Ultimate strength of eonereU*:/V == 2.500 lb. jjcr sq. in. 

n == 12 

Working streas in eonerete: fc — 1,000 lb. per sq. in. 

Allowable shear: e == 75 lb. per sq. in. 

All n*inforeing liars art* etinsidered to have end anchorage. 
The Amerieaii Conerf*te Institute Building Regulations for 1941 
will Im* ftillowed in the d<»sign. The column loads are as follows: 



Arrfu of FiMjtings . — Interior column footing area '"J'OOO 
99 sf}. ft. 

Ust* a 10 X 10~ft. footing = 100 sq. ft. 

With a ftwiting of this size the pressure on soil for dead load 

294 000 

plus 50 per cent of the column live load is — — = 2,940 lb. 
fM^r sq. ft. 

Exterior column ftxitings should be proportioned for dead 
load plus 50 per cent of the live load, hence the l^earing value of 
2,940 lb. should be used in determining the area required, w hich 

, 196,000 ,, 

equals — j— - = 6t>.6 sq. ft. 

Use a footing 8 ft. 2 in. square on alley and short street side. 
On the longer street side the llmitarioxi of IS-in. projection beyond 
|■mil<iing line and column tluckness of 24 in. restricts width of 
fooliftg to 5 ft. [2 ft. ri- (2 X 18 in.)]. Therefore the length of 
f€M>tia^ must be 13 ft. 4 in. For full Eve hmd plus dead lewd the 

UMfer «cterior footings will be =* 3 , 740 ' lb. per 

ft- Tliw p^mMm must be used in de^n ol i«nfoiwinent 
for 
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The comer column footings require an area e<|ual to " 2 c|4(r 

44.5 sq. ft. O^nng to the fact that thii limitation of projection 
of footing on the longer street side is 18 in. lx‘yond building line 
and the center line of column is 18 in. in from building line (exte- 
rior columns have 36-in. exposed faces) the corner f<K>tings on 
street and alley comers can be 6 ft. wide and the length 7 ft. 
6 in., giving an area of 45 sq. ft. For full live load and dead load 

158 000 

the pressure equals — jg — = 3,500 lb. per sq. ft. This pressure 

should be used in analyzing stresses in corner footings. 

The footings along the inside property line will have to }>e com- 
bined with those in the next row away from the pro|x»rty line 
because of the eccentricity of column as regards the possil)le ffx>t- 
ing area. For a typical exterior and interior column the com- 
bined area required equals 166.6 sq. ft. The center of gravity’ of 
the combined footing must coincide with the center of gravity 

of loads. The center of gravity of loads equals = 

11.4 ft. from the center of exterior column (taking moments 
about center of e.xterior column). Hence the footing must be 
2(11.4 + 1) = 24.8 ft. or 24 ft. 9} *2 in. long. Use 24 ft. 10 in. 

in computations. The width equals 24 g “ 

Use width of 6 ft. 9 in. The dimensions of footing are shown in 
Fig. 8- 

At the street and alley ends adjacent to the property line, a 
comer and an exterior column must be combined and an area of 

66.6 + 44.5 = 111.1 sq. ft. is required. The center of gra\dty 

of loads equals center of comer 

column. It so happens for the loads given that the length of this 
footing will be the same as the one just proportioned carrv’ing an 
interior and an exterior column, but this, of course, is not always 
the case. Using a length of 2(11.4 4“ 1) = 24.8 ft., the width 

required is = 4.5 ft. The size of the various footings for 

the building as above determined are shown in Fig. 5. 

Detailed Design of Typical Interior Footing . — As already deter- 
mined, the typical interior footings are to be 10 ft. square and will 
have two-way r^nforcang. 
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According to the regulations, for a round or octagonal concrete 
column or pedestal the face of the column, used in footing 
design, shall l>e taken as the side of a square of an area equal to 
the area enclosed within the jx?rimeter of the column or pedestal. 

v~24'2 y 

The equivalent column — ^ - — j— == -v/ 452 = 21 in. 

Ai«ume an effective depth of footing of 20 in. \vith a distance 
of 31^2 iti- frora cc^nter of steel to the tHittom of the footing. 

The shear rs a measure of diagonal tension is measured at a 
distance from the face of the column equal to the depth of the 
footing to steel, or 20^ 2 this case. The area between 

the squan* formed by lines 20^ 2 in. from face of column and the 
edgt* of ftmting prmiuees shear on the vertical planes throu^i 
the square EFGH ('Fig. O). 

Total nhear on EFOH, (395,000) = 290,000 lb. 

The intensitv of shear on EFGH = in which j mav be taken 

bjd 

as 0.875 with sufficient accuracy. 

290,000 

'• = 4-xn^x o.^"irx^ = 

The allowable v is 75 lb. per sq. in.; so the assumed d is satis- 
factory" from the standpoint of shear as a measure of diagonal 
tension. 

The bending moment on each set of rods is 

.V = (3,950) (10) (12) = 4,030,000 in. lb. 

The d required for moment is 
, _ M 

K5 ie4 X 120 ■ 

and the concrete stecw is ^en to be satisfactory. 

Tl» erf steel required Ib 

^ _ 0.85M __ 0,g5 X 4,«m,O0O 

* “ “ 20,000 X 0.'876 X 20.5 
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Twenty-four round bars have an area of Kl.ti s(|. in. 

and a total perimeter of 57.0 in. 

The bond stress is checked on the same sfx'tion as the rnomf*iit. 

V ■■ (3,950) (10) (4. 125) - 163,000 1b. 

_ 0.85F 0.85 X 163,000 - - 

“ 57.6 X 0.875 x“ 20.5 

This is satisfactory^ provided we use deformed bars. The f* Kit- 
ing is shown in Fig. 6. 



Fig. 6. 


Some saving in concrete could be realised by using a stepped 
footing. This, however, would increase the cost of form work. 
If other considerations do not exist, ttie decisicm as to wlie^ier or 
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not tA> a footing would Im* bsisc'd on a comparison Oi 

tlie saving in conereti* and incrcas<*d c-ost of form work. This 
would also Im* true if a sIoimhI ftaUing were used. 

If a s1o|MhI or sp^pjHMi footing is ustni, the angle of slope or 
depth and location of st<*ps .diouhl Ih‘ such that the allowable 
stress€>s ari‘ not <*xecMMie<i at any s«‘etion. The effective cross 
s<^ction in eom|)rt^sion should l>t‘ liinitiMl by the area above the 
neutral plane and its width should be taken as the width of the 



top of the footing at the- section l:>emg considered. Sloped and 
steppeii footings should be cast as a unit. 

Dom'els are used to transfer the stress in the longitudinal steel 
at the ba« of a reinforced concrete column to the footing. The 
p^ulations specify that there should be at least one dowel for 
each ronforcing bar in the column, and the total sectional area 
of do’wels slM>uld not be l^s than the area of column reinforcing. 
The* dowefe should exitead into the column and into the pedestal 
or fooliiig thy© distaiM* required to transfer to the concrete, by 
ailowahle b€»d their full working strength- It is often 

to ,inar«^» Am dcpdi oi the footing under the 'Column 
to provide wiffiaiwii Aickn^ to rw»ve these dowA. This is 
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done by placing a pedestal on top of the fcK>ting proper, of a 
thickness sufficient to make up the deficiency in the fcxiting 
thieknc^ss. The pedestal may Ije of plain concrete (except for 
the dowels) provided the compressive unit stress on the 
area does not exceed the allowable, as explained 
under the general heading Transference of Column Loads to 
Footings, page 2(13. When this stress is exceeded, reiiiforce- 
inent should be provided and the pedestal designeil as a 
reinforced concrete column. The pede.stai should lx* placed 
monolithieally vith the footing. 

Design of Rectangular Exterior Column Footing . — The square 
footings of exterior columns on alley and short strcHU side will 
not be designed in detail here, but the rectangular fcxjtings along 
the long street side will be, in order to indicate the procedure witli 
footings of this t> 7 )e. 

These footings are to be 5 ft. wdde by 13 ft. 4 in. long (Fig. 7 ). 
It will be considered that the column load is to l>e carried by a 
transverse beam 4 ft. wide, wiiich in turn is supported by the 
main footing acting as a longitudinal beam. 

M • 249,000 „ 

The pressure on the soil is — ^ = 3,/ 40 lb. per <q. it. 

Design the longitudinal beam: 

^Moment at edge of transverse beam is 


31 = 5 X X 3,740 X 12 = 2,450,000 in.-lb. 

M — lifckjhd- 


in wffiich for an ideal beam and for the stre.sse.s w’e are using 
k = 0.375; i == 0.875. 

Therefore, 


- 4 , 

-4 


2M 

■fckjb 


2 X 2,450,000 


1,000 X 0.375 X 0.875 X 60 


== = 15.8 


Subsequent checks indicate that a 20-in. depth is preferable. 
j may still be used as 0.875 with sufficient accuracy. The 
critical section for shear is therefore 20 in. from the edge of the 
transverse beam. 
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r * 5 X 3.0 X 3,740 = 56,(X)0 lb. 


V 


56,0(M) 


— 54 lb. {jer sq. in 


Allowable e = 75 lb. i»er stj. in. 

M 2,450,000 

Md aj,tK)0 X CbSTS X 20 


7.0 sq. in. 


Use sixteen roimti Imrs spaeeti evenly across entire 

width, leaving 4“iii. covering on ea<‘h side. This gives an area 
of steel = 7.05 sq. in. and each bar has a perimeter of 2.4 in. 
The critical section for bond lacing at the edge of the transverse 

l>eam 


V 

u 


4.67 X 5 X 3,740 == 87,5<X) lb. 

V 87,500 

iojd 16 X 2.4 "X 0.875 X ^ 


130 lb. per sq. in. 


Permissible Ixind is 140 lb. per sq. in. for deformed bars; .so 
deformcKl bars should l)e used. 

Design of transverse^ lx^am: 

The load per foot of transverse lx?am is 

13.33 X 3,740 = 50,000 lb. 

The critical s<*<*tion for moment Ls at the face of the column 

.V = 50.000 X ~~ X 12 = 675,000 in.-lb. 


The shear to use in checking l^ond stress is 

r = 50,000 X 1.33 = 66,600 lb. 

Extend trans\’eiise beam 6 in. above top of footing 

, _ 675,000 

mdbo X 0.875 X ^.5 ^ ^ “• 

_ 66,600 
“ 141 X 0.875 X 25.5 “ 

' 4 -iii. «|imrc deformed bars will be used to satisfy the 
bcmd requirement giving & total perimeter of 24 in. and a total 
area erf 4.5 »q. in. TlteMe bars ^M>uld be bent up around the ends 
erf the trmi»v«r»e b«iia. 
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Xo cheek is necessary on shear as a measure of <liagonal 
tension since the critical section for shear would fall outside* the 
footing. 

The foregoing method of design is recommendc*d for rectangular 
footings having a length greater than 1} 2 times the width. When 
the length is IJ 2 times the width, or less, it is recommended that 
the moments on the critical sections be computed as for square 
footings and that both the longitudinal and transverse steel be 
designed for 85 per cent of the respective moments. The longi- 



tudinal steel should be spaced uniformly over the entire width 
of the footing. A part, of the transverse steel, should 

be distributed uniformly in a strip equal in width to the short 
side of the footing and symmetrical with respect to the column. 

Agi is given by the formula 



in which A, is the total area of transverse steel required and R 
is the ratio of the length to tJie width of the footing. The 
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remainder of the tran*sverse sUm*! Is distributed uiiiformiy over 
the two outer end strips of the f<K>ting. 

CmnMmd Fooiingif — Rectangular. — Tiie size of the rectangu- 
lar combined footing for one int<-riur and one exterior column 
was found to be 24 ft. 10 in. long by 6 ft. 0 in. wide (Fig. 8). 

Since the total load on the interior column is 395,000 lb. and 
im the extcOTor column is 249,000 lb., the average pressure on the 
soil for full live load will be 

If « “ 3,860 lb. per sq. ft. 


This preissure will l>e used in the detail design of footing. In 
this, as in the other examples, the maximum allowable soil pres- 
sure has l>een assumed at 4,000 lb. per sq. ft. and the weight of 
ffKiting neglecdtdi in the computations. In other words, the soil 
has been assumcMl to be capable of bearing tlie additional load 
due to wtdglit of fcKiting. 

The columns will be supported on transverse beams w’ithin 
th€» footing, wliieh in turn will l>e supported by the entire footing 
acting as a longitudinal l)eam. The maximum negative moment 
in the footing between the columns wull occur at the section of 
«‘ro shear. The distance from the outside of the building to 
this section of zero shear Ls given by 

249, 0 _ Q . 

6.75 X 3,86€ "" 

The value of this moment h 


j^(6.75) (3,860) - (249,000) ( 8.5) j 12 

The depA i^uired for moment is then 

rft __ 11,300,000 

^ ^ Kb 164 X 6.75 X 12 
d « im.2 Say 30 in. 


11,300,000 in.-lb. 


850 


Checking this depth for shear .as a measure of diagonal tenaon, 
thC' cri^cil section is a distance of ^ in. from the edge of the 
2l-in. ^uare ^iiivaient interior coliniMa, or a tolM distance of 
' 'in. fr««Ki 'the ©enter liii« of tl» interior column. Smee the 
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section of zero shear is 10 ft. G in. from this same center line*, 
shear on the critical section is 

V = (6.75) (10.5 - 3.4)(3,860) - 185,500 1b. 

V 185,500 

bjd ” 6T5x“12 X“0:875 X 30 ‘ 1’“'' 


the 


The allowable r = 75. 

Increasing d to 35 in. wall reduce v to 75 Ih. sc|. in. 

The longitudinal steel required in the top of the footing to 
care for the negative moment is given by 

_ 11,300,000 _,Q = 

* 20,000 X 0.875 X 35 “ 


Use nineteen 14n. square bars spaced 4 in. center to center. 
Check bond at face of 21-in. square equivalent interior column. 


V = (6.75) (10.5 - 0.9) (3,860) = 250,(KK} lb. 


250,000 

“ 19 X 4 X 0.875 X 35 


108 lb. per sq. in. 


Allowable bond is 113 lb. per sq. in. for plain bars with end 
anchorage in 2,500-lb. concrete; so plain bars may l>e ustxl. 

The positive moment due to the projection of the footing 
beyond the interior column is 


M = (6.75) ^ (3,860) (12) 2,500,000 m.-lb. 

^ 2,500,000 _ , , 

^ 20,000 X 0.875 X 35 

Use seventeen J-2-m. square bars. 

Check on bond: 


V = (6.75) (4) (3,860) = 10,4001b. 

10,400 _ 

“ - 17 X 2.0 X 07875 X 35 


Plain bars may be used. No check on shear is necessanr. 
Consider the transverse beam under the interior column. The 
load per foot on this beam will be 


395,000 

6.75 


58,500 lb. 


M = (58,500)(12) - 2,105,000 in.-lb- 
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We shall arbitrarily take the effective width of this beam as 5 ft. 
Then d for moment is given by 


^2,195,000 
I M X 00 


= v'22:5 = 


14.95 in. 


Actual d is «34 in., 1 in. less than d of longitmiinal .steel. 


2, 195,000 

20.0(X> X 0.S75 X 34 


3.7 .sq. in. 


The re<iuired |K*rimeter for l>ond, taking the critical section for 
liond at the face of the 214n. square equivalent column and 
assuming deformed bars, is 


(2.5) (58,500) 
141 X aSTo X 34 


34.9 in. 


Use eight€*«*n * 2 -iJ^* s(|uare defornu^ bars, giving an area of 4.5 
sq. in, and a f^enmeter of 30 in. Spacing these bars within the 
assumed effective width of 5 ft., we see that a spacing of 3^2 in. 
would be satisfactory-. Consider the transverse beam under 
the exterior column. 

The load per foot is 


n 

3/ (37,000) (12) =: 800,000 in.-lb. 

Obviously, from a eonipari.son with the pre\’iously designed 
transverse lx*am under the interior column, the d of 34 in. will 
be satisfactoiy- from the standpoint of moment. 

. 800,000 

20.000 X 0.875 X 34 “ 

At the face of the column 


nine J^4ii. square bars giving an area of 2.25 sq. in. and a 
perimeter of 18 in. These must be deformed bars. They 
will be B^md at 3 in. center to center, placing Ijhe outade bar 
4 in. from tJbe omI erf footii^. 
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Combined Footing — Trapezoidal . — Using tho same spac’iiig of 
columns and load as in the previous example, but limiting the 
projection to 1 ft. beyond column 1 a traix^zoidai ftiotiiig wit! N? 
required. As determined pre\'iou.sIy, the center of gra\ity of the 
column loads is located 11.4 ft. from the center line <>f column 2. 
The center of gravity of the footing should cr>iiicide with tla* 
center of gra\dty of the loads. The length of footing is 22 ft. 
Now the area required for footing is lOO.b .sq. ft., ami the av<*rage 
width must be such as to give this area. 

If Cl and C 2 be taken as the width of footing at columns I 
and 2, respectively, then 

(C, + C.)(22 ) ^ Jggg 
or 

Cl + C 2 = 15.14 ft. 


From the common equation for center of gravity, the tlistance 
from end of footing at column 1 to center of gravity c*qiial> 


3*1 



9.6 ft. 


Solving these equations 

Cl = 11.14 ft. and C 2 = 4 ft. 
For full live load and dead load 


w 


644,000 

166.6 


3,860 lb. 


This pressure should be used in the design of the footing, which 
from this point is similar to the problem just illustrated except 
that the small positive moment at column 1 may be neglect€Ki. 
The line of maximum moment Avill be at the line of zero shear. 

Cantilever Footing . — ^As an example of a cantilever footing take 
the corner footing at the property line and the adjacent exterior 
column footing and connect them with a strap to resist the 
uplift moment caused by the eccentricity of the footing slab for 
comer column (see Fig. 5). 

The center of gravity of the comer column is located 15 in. 
from either face. The area of footing r©quir«i for the comer 




/ L-5frup le*" thick' \ 

"'^ntp hene here 


Fiu. y. 

By taking moments about the center of gravity of the exterior 
fcMjting, the uplift at the exterior colmnn for full live and dead 
k>ad on the earner column is found to lx* 

<i^^) 11.300 1b. 

1 < .o 

This is the value of the vertical shear carried by the strap. The 
total load on the exterior footing is decreased, and the total load 
in the comer footing is increased, by this amount. The total 
prewure (exclusive of weight of footing, which is neglected owing 
to its conaMeration in fixing the aEowable bearing on soil) to 
be p;rovi«^ for in the comer footing wiH be 

158, o(M) -h 11,300 = im,mo Ib. 

For si» ujsed, this give® a unit bearing of 3,7'60 lb. 

per »i|. ft. 
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The comer footing should be designed for this soil pressure 
in a maimer similar to the exterior footings along the long strwt 
side of the building. Tliese computations will not lx* given here. 

The maximum moment in the strap beam equals 

M = (158,000) (1.25) (12) = 2,370,000 in.-lb- 

The shear, as previously noted, is 11,300 lb. 

The strap may then be designed by the usual methfxis. The 
main reinforcing steel must, of course, be placed in the top of the 
strap and the ends at the comer column should In? htxiked down 
at the edge of the footing as shown. The section of the strap 
at the comer column will be determined by shear. It would be 
advisable to design the strap so as to make stirnips uimecessarj’. 
A nominal amount of reinforcement should be placed in the tot- 
tom of the strap (see Fig. 9). 

11. Design of Plain Concrete Footings. — In the design of 
plain concrete footings the area of the base required is found 
in the usual way, f.c., by dividing the total load on the 
including its own weight if the supporting power of tlie earth 
has not been reduced the weight of the footing, by the allow- 
able unit earth pressure. 

The area of the top of the footing should to such that the 
unit compressive stress on the loaded area will not excec^d the 
bearing stress allowable for the quality of concrete in the footing 
as limited by the ratio of the loaded area to the supporting area. 
If the entire supporting area, f.c., the entire footing top, is loaded, 
the allowable unit compressive stress is 0.25 If only one- 
third or less of the footing top is loaded, then the allowable is 
0.37 5/'c- Where the loaded area varies between one-third and the 
full supporting area, the allowable unit compressive stress is 
found by interpolating between the above values. 

The critical section for moment is the same as for reinforced 
concrete footings, f.e., at the face of the column, pedestal, or 
wall for footings supporting a concrete column, pedestal, or w^all ; 
and halfway between the middle and edge of the wall, for footings 
under masonry walls. The footing is considered to be a homo- 
geneous beam in resisting this bending, and the dimensions should 
be such that the tension in the concrete will not exceed O.OSjT «* 

The critical section for shear is the same m for reinforced oon- 
eiete footings, i.e., a section jmrallel to Ihe fa» of waffl. 
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pedestal, or eolumn, and locaU»<i a distance* tlierefrom equal to 
the depth of the footing. The average shearing stress on this 
section must not exeecKi 0.02/V. 

niartmtlTe Pro’folena.'—IK'sign a ftKjting f«r a <*cnuT(*t«* wail of a storage 
building miryirig 21, (KX) lb. per liri, ft.: allowaiilo bearing in the soil is 
S,000 lb. f>er »q. ft.; wall 24 in, thiek; /'<■ = 2,500. Assume weight of 
footinR at S75 lb. per ft. and a f<M»ting 8 ft. wide. 

Total load per bjot 21,0(X» + 3,000 « 24,000 lb. 

*>4 000 

Width of footing = = 8 ft. 

« L|l! (3,0<K) - 375 ((12) =- 142, (XK) iu.-ib. 

63f 6 X 142,000 

d » 30.8 

Evidently a d «»f 31 in. is requir«*d for moment. The assumed weight is 
auffiriently ekwe. 

This d is fheeke<i for siioar: 

V = f 3,000 - 375 m 0.4 I = 1,050 1b. 

1' 1.050 

r = =31 

The plain concrete f«>tmg for the wall in question would be 8 ft. wide and 
31 in. dt'ep. 

12. Footmgs Supported on Piles. — Where the bearing value of 
the soil is so low* a.s to necessitate very large spread footing.s to 
distril)iite the load |)roi>eriy (with the ever attendant danger of 
movement of the s<jil under the footing), it will generally be found 
advisable to us«^ either concrete or wood piles driven down to a 
firmi^r stratum, or dc*<*p enough to give the required bearing 
capacity due to skin friction. 

Pile footings may t>e of the same general types as the plain 
and reinforced concrete footings previously described and illus- 
trated, the difference in design being that instead of assuming a 
uniform bearing of the isoil over the area of the footing, the reac- 
tion of mch pile is considered as a concentrated load equal to the 
safe allowaWe load for the pile. 

Mc»t building m4m rec|uire that the concrete footing capping 
the pPcs be carried down 6 in,, below the top of the pil^ and that 
this concrete be neglected in comimtiii^ the strength of the foot- 
ing. wim, ^ of pte is iiaialy limited to 2 ft. 
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6 in. for wooden piles and 3 ft. for concrete pilc^, except where 
driven in staggered rows, when the spacing of row?i may 1 m^ 
reduced 2 or 3 in. for wooden and concrete piles, re.s|M*<‘tivt‘ly- 
For wooden piles, the cutoff line, or t<jp, should Im‘ Ix*!ow the 
natural ground- water level to avoid decay. Where thf- meeting 
of this requirement means added exiHai^e, <'on(*r«*te |}ilt*s slnjiild 
be used. 
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Fig. 10 . 


The most economical arrangement of piles in footings for 
various numbers of piles is shown in Fig. 10, the spacing of piles 
being as required b^^ the particular code followed. 

The critical sections for moment are the same as for footings 
resting on soil, and the required tensile reinforcement is deter- 
mined in the same manner and placed according to the same rules. 
The critical sections for bond also are the same as for footings 
resting on soil and the allowable stresses are the same. 

However, for footings resting on piles the critical section for 
shear to be used as a measure of diagonal tension is assumed as 
a vertical section obtained by passing a ^lies of vertical planes, 
each of which is |»rallel to a corresponding fai» of the ccinmn. 
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{if^cieista!, or wall, and located a distance therefrom equal to one- 
half the depth d of the footing. 

In computing the external shear on any section through a foot- 
ing su|>|Kjrt4*ii on piles, the entire reac'tion from any pile whose 
rent€*r is Iwatcnl 6 in. or inon* oiitsi<ie the section should he 
»»aumed as pnMiiicing shear on the s4‘t*tion; the reaction from any 



Fiii. 11 . 


pile whcwe i?enter is located 6 in. or more inside the section should 
be a«aimed as pwMiueing no shear on the section. For inter- 
mediate petitions of the pile center, the portion of the pile reaction 
to be a»uiiae4 m producing shear on the section should be based 
cm a stimi^t-liiie interpolatkm between futt value at 6 in. outside 
the aectkm and aero value at 6 in. insde the aeetaon. 

A M-in. «|iiare ©©.Imstta siippcMrte a k»d erf 325,000 

lb. a pii^ if i&t mie beikf^ Icml erf aMh ^ 
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20 toiis, using the 1941 RegiiUtions of the Americaii Conrret#* Iristitutt*. 
f\ = 2,5(W. 

Assuiiiing that the footing will weigh 35,000 Ih., the number of piles 
. , 360,000 ^ ^ 

required = -j-Q-ooo = 9.0. 

Use nine piles spaced 3 ft. each way, with 1 ft. 6 in. from center of outer 
rows to edge of footing. This will make the footing 9 ft. square Fig. 11). 
The assumed weight then would be consistent with a total thickness of 
about 3 ft. Since the footing extends 6 in. bt^Iow the tops of the piles and 
the steel should be at least 3 in. above the? pile tops, we have* actually 
assumed a d of 27 in. 

The critical section for shear is a concentric square, each side l>eing 
12 + 13hi2 = 25t'2 in. from the column center. Since the centers of all 
piles, except that in the middle, are more than 6 in. outside of this section, 
the net reactions of eight piles will cause shear on the critical section. The 
net reaction per pile is 40,000 — 9 X 450 — 35,950 Ib. 

The intensity of shear on the critical se<*tiori is, therefore, 

8 X 35,950 
4 X 51 X 0.875": 27 

The allowable shear is 75 lb. per sq. in., so the assumed d of 27 in. is satis- 
factory. The rnaxiinum moment on the vertical section thnmgh one fare 
of the column is 


M = 35,950 X 3 X 24 = 2,590,{:kJO in.-ib. 
The effective depth required for this moment is 


d = 




X 164 


= 12.1 in. 


Consequently, the concrete stresses are satisfactory. 

The moment to be used in designing the steel is, according to the* 
regulations, 

0.85 X 2,590,000 = 2,200,000 in.-lb. 

2,200,000 

‘0,000 X 0. 


Assuming that deformed bars will be used we have 


3 X 35,950 
141 X 0.875 X 27 


32.3 in. 


Nineteen 3^-in. square bars w^ill be used, giving an area of 4.75 sq. in. and 
a perimeter of 38 in. They will be spaced uniformly across the entire 
width of the footing. 


GRILLAGE FOOTINGS 

13- Steel Grillage Footings. — In the early day^ of the sky- 
scraper and nntil replaced in more recent years by reinforced 



25S FOimiMTiOm, ABUTMENrS AND FOOTINGS [Sec. 4-13 

concrete, steel grillage footings were iis«:*d ver>' extensively in 
lai^ buildings to distribute the column loads o%’er relatively 
large arcsw with a minimum re<|uir€Hi depth of footing. 

The beams fomiing the grillage^ are eiR*ast‘d in concrete. This, 
however, is not assumed as adding to the strength of the footing 
but rathe** serving as a protection for the sU*el l>eams against rust. 
The steti l^eams in the grillage should la? designed to resist the 
maximum temding moment, the shearing stresses, and with a 
spacing of te^ams that will readily admit the placing of concrete 
iMJtwwn th<*m and at the same time allow the concrete filling to 
dLstril>ute the load. Some designers do not assume that the con- 
ert^te Ixmms helps to resist any tendenew of the webs to 

buckle under load. It would seem, however, that where properly 
enca*se<i in concrete and with separators placed between beams 
at fre«|iient intervals, buckling would Ix' imix>ssible. On this 
basis, the webs should lx figured for Ixmring steel on steel. 

The Ixittom Ixams of a grillage footing should rest on a bed of 
concrete not less than 4 in. thick and preferably 6 to 9 in., and be 
completely surrounded at ends by at least 6 to 9 in. of concrete, 
while the space Ixtween beam flanges should never exceed 132 
timc?s the flange width or be less than 2^ 2 to allow’ proper 
tamping of the concrete. The assembled grillage is usually 
blcK*kfHi U[> in [x>sition and leveled, and the concrete placed 
an>und it so as to give bearing on all flanges. 

The Ixnims in a grillage should not lx? painted. To prevent 
them from spreading and to make them act as a unit, gas-pipe 
.‘Separators (not cast iron since they break the continuity of 
the concrete) should lx? placed at the ends and under all points 
where concentrated loads occur. For beams over 8 in. deep, two 
lines of separators should be used. 

The tearing area of a grillage is generally assumed as equal 
to the length of beams times the out-to-out width of the flange 
edges. Some codes allow an additional width equal to the w idth 
of the upper outer flange on both sides. This latter additional 
area Is allowed on the basis that the concrete tamped between 
the flanges will distribute the bearing to tere concrete adjacent 
lo tJte lower miter 

Hltaitra^f’e P»W«att. — DNw%n a steel grillage foeXing for a 14-iii,. WF 136-lb. 
©dtiMtta imnyia® a leptaiJ loMi irf @0fl,OiOO Ih., the bearing value of the soil 
Inattg %0<M> lb. pw ft. 
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Tlie area of footing required Ls 100 sti. ft. and a Hqimre footiug will lpe 
used. A base plate 27 X 27 X 3 in. will he* mwi to transfer the lomi from 
the cohirtm to the top tier of the grillage. Two tiers of beairis will tn* used, 
and the beams of each tier will be 10 ft. long. 

The upward reaction per foot of top tier is fiO.OOO lb. I'aking rrioments 
about a section GH in. virithin the edge of the plate, i.e,, nearly under the 
edge of the column, w’e have 

31 = 60,000 X X 12 = 6,970,000 in.-lb. 


Allow’ing 20,000 lb. per sq. in. for steel, the total section modulus r»»qmrfxi 
for the top tier is 


6,970,000 

20,000 


349 in.s 


If four beams are used, each beam should have a section modulus of 
about 84 in.® Four 15-in. 70-lb. I-beams w'ill be used. In general, 14>eams 
are more satisfactory than WF sections for grillage wmrk because of their 
relatively narrow flanges and thick webs. The shear on each beam w’eb 
will be 

4.4 X 60,000 „ 


The web of a 15-iii. 70-lb. I-beam, at 13,000 lb. per sq. in., will support a 
shear of 150,000 Ib. 

Web crippling is checked, under the base plate. The load per beam is 
150,000 lb. The crippling value for the web of a 15-in. 70-lb. I-beam is 
figured, allo-wing 24,000 lb. per sq. in. on the web. The length of bearing 
is 27 + 2k for the beam, or 27 -i- 2 X l^s — 30.25 in. The beam web ls 
0-77 in. thick, and the web crippling value is 

30.25 X 0.77 X 24,000 =- 560,000 lb. 

Inasmuch as the veebs of the beams are connected by gas-pipe separators 
and are completely surrounded by concrete, no buckling check on the 
webs will be made. The four 15-in. 70-lb. I-beams will be spaced 9 in., 
center to center, the two outside beams being centered under the edge of 
the plate. This arrangement leaves a space of 2^^ in. clear betwet^n flanges 
of adjacent beams, which is sufficient to permit tamping of concrete betw'een 
them. Since gas-pipe separators should be spaced not more than 5 ft. 
apart along the beam, three vertical rows of sejxarators should be used, two 
separators per row. 

The moment on the lower tier of beams at a section under the center 
line of column, (the use of this section is conservative) is 

JIf = 60,000 X ^ X 12 = 9,000,000 

Total S for the bottom tier is 


9,000,000 

20,000 


450 iou* 
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If 10 l>eam» an:* usihI. th<'* stn-tuin iiimiiihis jwr Iwaiii woiiiii I'je 45 Try 

15-iii. 42.9-lb. If theHo lM*aruM art* Mpa<*«*ii 1 ft. 1 in., <*«^nter to 

renter, the out-toM*ut dintanee of the ttaj»p:i*M will Im.* 10 ft. 2'^-2 In., whieli m 
aatkfartory. The rlear diatance lM*tw<.a*n flanges W’iil be 7^2 hi., whieli 

ia not €xregsi%'«». 

‘ maximum shear in each beam w’eb is 

6,mi0 X 1.08 X 4 =« 20,000 1!>. 



ITw* allowable shear, at 13,000 lb. per sq. in. is 80,000 lb. Tlie total 
upward Itmidi cm each beans of the lower tier is '60,000 lb. The load trans- 
roitted from the lower tier beam to the upper tier beam is therefore 15,000 
Ib, Tbe web cripplijag should be eheeked for each beam. The length of 
beasM web effective in «ther tier in resisting cripfiding is 2K of the upper 
tkr plus M 'irf t,lie lower tier beam, which is 

(2 X 4- (2 X 

TmJiMi pea* inch of web of the Ib-inu ?04b. I-beam is 
mmI of tlte' IS-itt. 42.9-lb. I-bcama is 9M MpgL Obviously, both 
Wi to wA €i%>pdiiag. Am brfiwe, wdb bi^dkiing will 
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Iiot be eheckedj because of the supx)ort given the web by the concrete and 
gas-pipe separators. 

The grillage is as indicated in Fig. 12. 

14. Timber Grillage Footings. — For tr-n\porary eoiistnietion 
in buildings on poor soil or for permanent construction where the 
footings are always under water, timl>er grillage footings can 
used. ’V^Tiere they support bearing walls, these fo< 3 tings are 
usually made up of three courses of timber und(‘r the wail, the top 
and bottom courses being 2- or S-in. planking !aid longitudinaliy, 
with heavy cross timbers at frequent spacing between them to 
take care of the cantilever moment developed due to the projec- 
tion beyond the face of the w^all supported (sc^e Fig. 13). The 
planking distributes the load over the transverse l>eams, whicli 



should be de.signed so that the stresses developed do not exceed 
the allo’wable. The spacing of the transverse beams will be 
determined by the strength of the planking and also by the 
projection of the beams. 

For column footings of ordinary size, the load from the column 
is first transmitted to a sill made up of one or more timbers, which 
in turn transfer the load to timbers laid transverse to the first 
and resting on planking to guard against unequal settlement of 
any of the timbers due to inequalities in the soil. Such a footing 
is shown in Fig. 14. As footings increase in size, additional layers 
of timbers laid at right angles to each other may be necessary' to 
distribute the load properly. 

In designing timber footings it should be remembered that 
they will be more or less continuously wet or damp. The allow- 
able stresses in the timber used should therefore be reducc&d in 
accordance with a good timfoer handbook- 
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Problem.— ~ I kwigii a continuous timber grillage to support 
an 18”in. brick wall with a total load of 12,000 lb. per ft,, the allowable 
bmriiag: on the mdi being 2,(M.'K) lb. |>er stp ft. t'sc? scmthem pine timbe^r with 
unit str«» of 1,600 lb. {mt sq. in. 'I*he working stresses will be: flexure, 
1,600 X 0.7! » l,ia0: ls*ariiig |H*rpc*ndk*uIar to grain, 380 X 0.58 =»= 220; 
horijontal shear »» 120. 

12 000 

The width of f€:wf»ting ^‘quiri^l ™ 2"0i0i0 * ^ 

The wall being 18 in. wide, the timber footing wrill project 2 ft. 3 in. 
beyond it on each side. 

The maximiiin vertical shear is 

V « (2,000; (2.25) = 4,500 1b. 

Horiaonta! shear will usual! v rule in a design of a short timber beam. For a 

3 T 

rectangular Ijeani this maximum horizontal shear is ^ hi which .,4 is the 
rpc»B-»ec*tk>n»l area of the lK‘am. Thentdort* 


A 


^ ^ 3 X 4,,^ 
"2» 2 X 120 * 


56.3 sq. in. 


Using the nominal size, sittce footing timber would probably not be dressed, 
an 8 X 8 timlM*r would Im* required. Greatest economy w’ould be realized 
by spacing tht^se timlw.TS as far apart as possible. So, 

I - . ^ ^ 5,120 lb. 

Maximum spacing =* = 1-14 ft. — 13 ^ in. 

So space limliers 1 ft. 1^-2 hi. center to center along wall. 

The maximum moment is 


M = (1.14 2, OTM)) (2.25) (13.5) = 60, 100 in.-Ib. 

The bending stn’^ss is 


= 69,ipqjx6 

-- - 


810 lb. per sq. in. 


Tlie iDMiring stress is 

1^000 X 1.14 


g 2 in. tkkk wIM be used under thc»e beam®. 

a timber grillage footmg for a 113^ X 113^ 
timW cotiman Biipporting a load of 29,000 ib. are to be the 

mam m m |aww«a Tlie sill beam should be 12 in. wide, to give 

fuB 'wMtb irf bMyriJPg under the poet. The bwuiiqg; strews imder the poet is 

29,000 ^ 

nTi X ilH ” 220 lb. per sq. HI. 
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This is the allowable for the sill beam. The lr>e&riiig parallel to the grain 
in the post need not be cheeked since the allowalile is considerably higher 
than across the grain. The base area requinni is 


29,000 

7obo 


14.5 sq. ft 


Use a f<x>tmg 4 ft square. 

Assuming three cross beams in the fxjttom tier, the rnaxirmim shear in 
the sill is 


29,000 ^ 

A = 


9,700 lb. 

3 X 9,700 
2 X 120 


121 sq. in. 


A 12 X 12 undressed timber will be used for the sill. Assuming that the 
bottom-tier beams will be 8 X S and taking nionients under the <*eriter 
of the column, the sill moment is 


9,700 X 20 = 


194.000 in.-lb. 

194.000 X 6 
123 


675 lb. per srj. in. 


The bearing unit stress between the sill and the l>ottuia ti<*r bt*am will be 


9,700 
12 X 8 


101 lb- per sq. in. 


The maximum vertical shear in each bottom tier beam will l»e ap>pru-\i- 
mately 


9,700 


4,850 Ib. 


3 X 4,850 
2 X 120 


61 sq. in. 


The assumed size of 8 X 8 is satisfactory as to horizontal shear. Taking 
moments about the center of the sill beam 


3/ = 4,850 X 12 = 58,200 in.-lb. 


^ = 


58,200 X 6 


685 lb. per sq. in. 


Planking 3 in. thick will be used under the bottom tier beams. 

TRANSFERENCE OF COLUMN LOADS TO FOOTINGS 

16. Methods. — The load carried by a column may be trans- 
ferred from the column to the footing by (1) direct bearing or (2) 
by a combination of direct bearing and bond stre® developed on 
bars embedded in the column and the footing- 
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IS, Cast-iron and Wood Columns. — The loads on steel, east- 
iron, or wood coliimns can l>e transmitted to a column footing 
only by direct l>earing, the K‘quirement l>eing that the column 
must have a bas«* large enough to keep the l>earing on the footing 
material (usually concrete) within the allowable. For wood 
columns the base plate may consbjt of a steel plate of sufficient 
thicknesM to resist the Ijcuiding due to the projection beyond the 
face of column, a cast-injn base, or a fabricated steel base. For 
stetd columns canyung relatively light loads, the column base is 
usually made an integral part of the column by riveting angles 
and plates to the lK>ttom of the column. When very heavy 
loads are carried, st<xd billet slabs, steel or cast-iron castings, or 
grillages of sti?«?l bi^am>s, should be used. These should be 
designed so as to allow the blwking and leveling up of the base 
and anchoring these to the footing. The space betw^een the bot- 
tom of the base and the concrete footing is then filled with cement 
grout. This cannot b* <ione with steel slabs and the grout should 
therefore lx? sprc^ad over the fcxjting top, leveled off, and the 
stwl slab set and leveled thereon. 

,,,, , , - 1 1 total column load 

I he arf^a of base recpiired for a column = 

The Ix'aring stress on the concrete is therefore the determining 
factor. Gcxxl practice, as exemplified by the ACT Regulations, 
rec|uin*s that the unit compressive stress on the loaded area shall 
not excfxxl the bearing stress allowable for the quality of concrete 
in the fcM>ting as limited by the ratio of the loaded area to the 
siip|x>rtmg area. If the entire supporting area, f.e., the entire 
footing or pe€ii?stal top, is loaded, the allowable unit compressive 
iBtre» is 0.25/C. If only one-third, or less, of the footing or 
pedestal top is loaded, then the allowable is 0.375/'^. Where 
the Icmded area varies between one-third and the full supporting 
area, the allowable unit compressive stress is found by interpolat- 
ing bet'ween the forgoing allowable values- 

17. Masonry or Omcrete Piers. — ^The loads from brick, stone, 
or i^in concrete piera can be transmitted to tbe fcx»tings only 
by dir^ bearii^, the allowable bearing value of the pier materials 
beij^ the Imiting factor. 

The alfewable unit ccunpresKTe in spirally and tied 

fttPOMl ccdmiaM beir^ relativdly high, the critical 

wM fee tim ttm cOur» of the fooliiig. In some 
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c*a.s€^s the average bearing over the grosis area of the ebliimii base 
will l>e within the allowable for the top of the fcxitiiig. Tlie 
design can be made for direct lx*aring only. In other castes 
the load may be transferred by direct l>earing by putting in a tof) 
course of a richer mixture of concrete. In other cases a spirally 
reinforced cap or pedestal may l>e iisfMl^ designtni in the saiiit^ 
manner as the column, but of larger diameter. 

According to the ACI Regulations, the stress in the longi- 
tudinal reinforcement of a column or pedestal sliould !>e trans- 
ferred to its supporting pedestal or footing either by extending 
longitudinal bars into the supporting meinlx^rs, or l>y dowels. 
If the transfer of stress in the reinforcement is aceomi)lished b>' 
extemsion of the longitudinal bars, they should extend into the 
supporting member the distance required to transfer to the con- 
crete, by allowable bond stress, their full working value. 

In cases where dowels are used, their total sectional area should 
l>e not less than the sectional area of the longitudinal reinforce- 
ment in the member from which the stress is being transferred. 
In no case should the number of dowels per meml>er be less than 
four and the diameter of the dowels should not exceed the diarne- 
eter of the column bars by more than } s' in. 

Dowels should extend up into the column or pedestal a dis- 
tance at least equal to that required for lap of longitudinal 
column bars and down into the supporting pedestal or footing 
the distance required to transfer to the concrete, by allowable 
bond stress, the full working value of the dowels. 

The allowable compressive stress in the concrete of the pedestal 
or footing is as already outlined. 

In sloped or stepped footings, the supporting area for bearing 
may be taken as the top horizontal surface of the footing, or 
assumed as the area of the lower base of the largest frustum of a 
P3’'ramid or cone contained who% within the footing and having 
for its upper base the area actually loaded, and having side slopes 
of one vertical to two horizontal. 
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Underpinamg may be defined as the placing of new permanent 
BUpporte under existing foundations. The necessity for under- 
pinning work may result from the following: inadequate or 
improper type of foundation; the need to strengthen foundations 
in order to protude for additional loadings or different use of 
structures; the dt^sire to protect existing buildings from damage 
during the proc^t^s of d(?ep excavation for other structures close 
to their foundations; the need to provide deeper foundations 
for existing buildings and to repair foundations that have been 
damageil owing to a change in condition since their construc- 
tion. Where timlx^r pile foundations were used, considerable 
damage has often resulted from the lowering of the ground-water 
table. This may re^sult from the building of sewers, subways, or 
other dwp subsurface construction. 

Underpinning, like foundation work, is as old as the building 
art. Records show many examples of its early use. The great 
building projects of the present have not only increased the 
need for underpinning but made it necessary to develop more 
improved methods. When we consider the necessity of con- 
structing new subways in the most congested districts of great 
citi« like New York, Beaton, and Chicago without intemiption 
to street and sidewalk traffic, the importance of underpinning 
operations is apparent. Deep open excavations or tunneling 
operations must be carried on close to and below the foundations 
of many large hea’iy buildings. These buildings must be under- 
paid to protect tliem against both settlement and lateral 
movwnent and alow botih their continuous and full use during 
the operation. 

Tl»' of heavy structures r^uhr^ great skill and 

care. The oporatioim must be carried on under adverse or 
difficult and must be 'Ccmipleted with a 

erf to o&ffs and witimut dMaage to' 'either the 
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building being underpinned or to the adjoining property. This 
phase of subsurface design and construction Is a highly s|m?- 
cialized field. Because of the mari\' and varicHi factors that 
cannot be scientifically evaluat<*d and must therefore evalu- 
ated by experience and the exercise of engin«‘t*ring judgment, 
this work is considered an art rather than a science. 

Before any underpinning operations are Ix^giin, complete and 
adequate preliminary investigations should l>e made. Too 
much emphasis cannot be placed upon this pciint. The negl«*t 
of adequate study and proper iiit€*rpretation generally j>roves 
very costly. Soil samples should be taken properly. The 
results of tests performed should be interpreted by traineni 
engineers and geologists. It is important that the depth and 
character be determined. It should be further shown that a 
suitable stratum is not underlaid by a softer material. To this 
end records of near-by excavations and building operations and 
the records of the behavior of the structures after construction 
should be carefully studied. The first records cited are ciften 
available at the offices of engineers, architects, and coiitruet4.>rs. 
Unfortunately the practice of observing the behavior of stru<*- 
tures after construction is not yet common and only compara- 
tively few of these records are available. Old maps showing tiie 
existence of swamps, ponds, or streams pro\ide a source of 
valuable information as an aid to the proper interpretation of 
sampling and testing operations and should not be overlooked. 

For a thorough consideration of the subject of underpinning 
the reader is referred to the work of two eminent authorities in 
this field, E- A. Prentis and L. Wliite.^ 

The type of underpinning best suited depends upon the type 
of foundation, the conditions under which it must I>e carried out, 
and the soil and water conditions at the site. The work may be 
divided into two operations, (1) providing adequate support for 
the structure, the foundations of which are to be extended or 
replaced, and (2) installing the new permanent foundation 
or the underpinning proper. The first requires the use of 
shoring, needles, or a grillage. The second generally involves 
the building of concrete pits, piers, or steel cylinder cai«>ns, 
which must be wedged to Join them with old foimdations or 
walls. 

^ Underpomiiag/* Univ’^rEity Fteeb, New YcMck- 
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1* Support of E:dstmg Stmctiires. — This jxirtion of the work 
f^pwially requires good judgment and extM?rience in order that 
no damage may result and that the exyMUisi'* of the operation may 
Ik* 2 is small as |K>ssibie. From ilie necessities of the case only 
very general information can Ik* given. 

Buildings an? much stronger than is commonly supposed- 
They are usually di*sigijtHl with a large factor of safety and 
eon»fH|uently can stand more abuse than one would imagine 
(siK? Fig. 1). For instance, consider an ordinary ease — a six-story 
liuikling, 50 ft. wide ami ItXJ ft- long. Assume that it is necessary 
to umlerpin th<* long side of such a structure resting on a mixture 
of sand and clay. As htiilt, it is resting on a spread foundation 



Fio. L -BuiltiiiiK with^Kjr- Fio. 2 . — Length of arrows indicates relative 
tion of wall rt^iaovetl »lH>winig; intensities of soil loads, 

arebing action deveIoi)ed. 


uniformly loadwi. The moment a small excavation is made 
under any part of this wail, the load formerl.v carried by that part 
of the soil is carried to the ground on either side of the excavation, 
as shown in Fig. 2, by the arching action of the wmlL 

Of course this Ls almost the simplest example that can well be 
imagiiied, but the principle is the same in more complex cases. 
In the example cited, assuming a slight settlement of the structure 
permi«ble, no additional support would be required during the 
imderpiitning of«ratioiiis. 

la. Shcaing. — When additional or preliminary sup- 
porte mm leqiiirwi in underpinning, the eaaest and most com- 
vmMj mm crflod ‘^shores.” Th^ may be used when the 
Icwwiii^ is not 'CBO^Mve# Shores, as sbo'wn in Fig- S, are usually 
l<w« paced in mat ijM:.iiiied fMMtion against tiie wall 
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of a building in suitable niches in the masonr>' and adec|!iately 
supported at the bottom, usually by a wcxxleii crib. It is gwMl 
practice to keep shores as nearly vertical as is exiMxiient in order 
to minimize the side thrust against the walk It is also advisalile 
to place the head of the shore opposite a fifx>r line In order to 
minimize the danger of pushing the wall in. 



For heavy loads, care should be taken to have the head of tie* 
shore bear uniformly in the masonry work. Sometimes groutimt 
with cement is the easiest thing to do and the wedges shouhi 
always be well and truly driven until the shore is carrying the 
load desired. The shore itself may be reinforced by metins «>f 
steel channels or I-beams bolted to it, 
as shown in Fig. SA. Saddle plates and 
steel wedges are used where greater loads 
are to be supported. For lateral support, 
shores may be tied by lateral bracing. 

Loads are transferred to the shores by 
use of screw jacks, which may be used up 

to 75 tons. Special attention should be 3.4.— Method of 

given to the bearing areas at both ends of reinforcing wood shore 
the shore- A short 12 X 12-in. timber he&ry loads, 
shore reinforced by steel channels bolted to both sides, having 
a hole to receive the screw of the jack with any required length 
of upper timber, may be used up to a load of 50 tons. 

The only load carried by the ^ore comes from the |»rt of the 
structure above its head — except so far ®s the. twaife strwigtti of 
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the Ftriirtiirt^ conic.s into play, whieh, in the case of bri<*kwork, is a 
very small amount. Shores may be eonii>inc*d with needk^s 
(ckiscritel in Art. 16), the rie<*dles carrying the part of the wall 

from head of the shore to the ground. 
Tht‘ combination shown in Fig. 4 
has l>een used to advantage. The 
needle is sometimes termed a 
** springing needle.’' 

15. Needling- — Another 
method of tempo rarih' carrying 
structures is by needling/’ which 
merely means that temporary beams 
called “needles” are installed to 
carry the structure until the under- 
pinning is completed. This method 
Via. 4,— Bi«>ring with support is suitable for comparatively light 
for wall shore. loads. I-l>eams acting as simple 

lw»ams and resting on suitable blocking and wedging are used. 
The n«:*t*s, sary weight of the l)earas increases rapidly with the 
span. ConscHpicntly, for heavy load.s and long spans built-up 
sections arc- nec<^sary. The method is illustrated in Fig. 5. 








Section A-A 




^ooc^ GCfshkiri 
' 3f&ie/ Z'J^acrrr? 


SfeefnkrAe^ 

3FocJr//7^- 

Ite- &. — Simple jaeedlmg; operatioa. 



are »veml pointe to be noted in needling. In the first 
I^Laoe, when earrjdng brick wadis or piers it Is wi^ to put in wood 
fillers above tibc beain^ as tbi^e crusli while the wedg^ are being 
dri'voa in, ttiiis pitting a unifonn be*ri,iig on the masonry and 
prrtwat it fit» a erasbing' at the edges. 





of the needles can be resorted to, or even temporary concrete or 
pile foundations in important cases. Two beams might be con- 
creted together for a short distance at each end in order to prevent 
their wobbling. When I-beams are used, special care should be 
taken against lateral or tipping failure. Because of their greater 
stability H-beams are coming into more common use for this 
work. In any event, a spreader between the beams and the tie 
rods with turnbuckles should be used for safety. 

Figure 6 shows the needling used to carry 10 X lO-in. cast-iron 
columns of a ten-story buildii^ with column loads of 250 tons 
each. The needles were ciyrried hy wooden towers rwiing on & 
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eoriiinuous row of 6 X 12-iii. f> ft. ion^. In this particu- 

lar instance there was a t^erious problem in tlevising a suitable 
grip ill the cast-iron column, and the one deviscMi is shown in Fig. 6. 
Where stwl columns are underpinnc^il, holes may be bored 
through them or suitable bracktds may lx* riveted to them. 

Nf^edli? I>eams an* usually plaecnl in nic‘he.s made for them in 
tlie walls. A comlu nation of the needle Ix^am and the shore is 
shown in Fig, 4. Where an interior eoliimn may be used as an 
anchor or n*a<*tion, a cantilever Warn supported on a suitable 
fulcrum can Im» used to supjmrt an outside wall. 



, Ele'/crSc-! Sectkm 

0J us. sr^stfveisj. arx/ cxncmM. 

Fio. 7. — Strengthening old vails. 


2. Strengthening and Supplementing Existing Foundations. — 

III many cases, short?s, needles, and their combinations are not 
needed, though often it may be necessary' to strengthen or sup- 
plement the existing footings before excavating beneath them. 
Owing to the necc^asity of occup^dng spa^ce inside and outside 
the building wails to install needles and shop», their use is 
»oaewlwit limited. 

WlMe building nest on eoatinucms dry rubble walls, the 
foiiifcdatMm may be effectively strengthened by merely cleaning 
«it a«i wirfdag tl« biifldiiig a tight form, and filiing it 

with 'I^oae €«MliMoi» are liisqimeiitly found in old 
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buildings. This method produces an efTe<‘tive Ixmd iiiid will iii 
most cases produce a good masonry wall. 

When poor rubble masonry walls are found, reinforcing riwls 
may be used to advantage. 

Sometimes I-beams can l>e substituted to advantage by caittini. 
holes 2 or 3 in. in diameter in the webs in order to prevent \ olds 
in the concrete or mortar. Typical uses of these metlKxis are 
shown in Fig. 7. 

Very often when underpinning the columns of luiildiiigs, it is 
economical to join them together with continuous foundation 
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Fig. S. — Foundation reinforced with grillage for underpinning. 


slabs called ‘^grillages.” This not only ties the footings together 
but also gives a large spread foundation that carries columns 
while the excavation is going on underneath them. 

Many ingenious combinations can be made, generally using 
steel and concrete, the steel being in the shape of I-beams as well 
as reinforcing rods. Secondhand steel is often used and gen- 
erally is of such size as to fit the local conditions in the field 
rather than computed sizes. 

Figure 8 shows such a grillage, including ties (usualy a tourni- 
quet of steel wire cable) 'and grout pipm lor pourmg in grout to 
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make a Bimg joint b€‘t\vcM*n the grillage and the ncnv underpinning 
when insta!l«i. 

Another application of .ste<*l and concrete for reinforcing 
foundations! of an extremely heav'y old-fashioned building is 
shown in Fig. 9. 



Fni. W. — Foundation reinforced for underpinrung without grillage. 


For more modern buildings, grillages may be reinforced, as 
shown in Big, 10. 

The foregoing ty|>es of reinforcement are mentioned merely to 
give an idea of how previous problems have been solved. 

The numl>t‘r of combinations to be used is limitless. Much 
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Fi®, 10.' — liMjLfoiTmg 8t©el f<mB.<iatioxi of modena building. 


oa the ingenuity of the constructor. The grillage used 
, ^wever, be sufficiently strong to carry the column loads 
m to allow plai»iia«it of underpmning under toe footings. 
It dtouW Ao ppoviife OTifficMit reastoaoe to p^reveat lateral 

morveMwl* 
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6 ~ 3 ] 

3, Underpimimg Proper. — AR^umiog now from the foregoing 
that the building is in proj>er condition to iiave the uiiderpiiiiiiiig 
installed, it is well to direct the attention to two imiKirtaiit fioints. 

The first is that every effort shciuld l>ci nuide not to hm* or 
loosen the earth or ground beneatli tlie f<x>tings. Tin* Is 

that it is of primary importance to wedge up proi>erl\* Ix^tween 
the underpinning and the structure- — in other words, actually' to 
put the underpinning to work l)y bringing the load to it. If 
special care is not taken in this regard, the load will Iwf carrit-d to 
the underpinning subsequently by settlement of the structure 
itself. 



Fig. 11.— Foundation with underpiniaiig pit. 


When moderate loads only are being handled in connection 
with needles and shores, the wedges may be driven until they are 
relieved of all or part of their load. With heavier loads this 
cannot be done and the work should be so installed as to regulate 
the ensuing settlement so as to have it uniform. When the work 
is properly handled, even in the most difficult cases, settlements 
should usually not exceed J ‘4 to in. Settlements of over 1 in. 
are likely to prove troublesome. 

Underpinning usually consists of pits filled with masonr^^ or 
piles, or combinations of both. Pits are generally used where 
possible, the limiting factor usually being water level. They may 
be dug to the required depth with or without sheeting, depending 
on the quality of the soil. Where sheeting is required, thwe uaial 
vertical tongue-and-groove sheeting may be uawi if enougft 1 
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rcK)m is available. Usually, however, it is more economical to 
iiee horisEontal sheeting, say 2X8 in., as shown in Fig. 11. 

When the pits are complettHl, they are filled with brick or con- 
crete and, when s(*t, are ready for wedging. 

In ease a light wall is l>eing underpinned, perhaps w ith a brick 
or corM*n4e wall, wcaiging stones were formerly used. Now^ 
plates and wedges are more commonly used, as showm in 
Fig. 12. 



04 / fbtnd b rfio n 's 



Fiii. i:j,~ W^^iifiprig 


' pH- vnda-p^ming' 

r»! a, typical underpinning pit. 


A veiy convenient method of w’edging is by the use of short 
pieces of I-beams either resting on end or on their flanges and 
wedged with steel wedges, as showm in Fig. 13. 

4. Mes Used in Underplimiiig. — Piles used in underpinning 
are generally steel shells, driven in the ground, usually in short 
actions, excavated, and concreted. They are used generally 
wl»n it is nece^try to go below ground-water level, to avoid the 
of ground or the use of pneumatic methods. The 
diajii^lwiB. and thiekn^m of shells vary wididy. Sometimes piles 3 
it, m B»fe in diaineter are driw«i by comprees«i air as in caissons, 

: a man in working chamber. Generally, however, the 
mm awnalte, viayha^ from 10 to IS im ha diaineter and ha 

thfetaww «€ fe«wi M4 to M «iag doeve wmaeclaoiis. 
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In ease headroom is available, they Im dri%’en down by 
means of a winch and a falling weight, as shown in Fig. 14, or 
by means of one of the many pneumatic hammers, such as tin* 
ISIcKiernan-Terry. 

Generally, however, the head- 
room is limited to from 3 to 7 
ft., in which case 1- or 2-ft. sec- 
tions of pipe are driven by 
means of hydraulic rams, as 
shown in Fig. 15. 

These hydraulic jacking out- 
hts are ver^’- efficient but require 
careful mechanical attention and 
a good bit of discretion in their 

use because of the large upward Fi<j. 14. -Driving pjio with failing 
thrust they give when the pile weight, 

offers sufficient resistance. The working pressures run up to 
5,000 lb. per sq. in. It is rather unwise to use higher pres- 
sures because the leather gaskets become so c<jmpresse<i that the>' 
then have to be frequently renewed, whi(*h is an iricoiiveniencc*. 
The most common diameter of the rams is 4,^ 2 in. With this size. 




Fia. 15. — Method of driving pile by hydraulic rams. This illustration aiM> 
shows method of wedging. ‘^Pretest Method’* (patented). 

each 1,000 lb. on the gage indicates a thrust of about 8 tons, or, 
with 5,000 lb. per sq. in., a 40-ton reaction. For thrusts greater 
than this, two rams are connected up in parallel and with 5,00*0 
lb. of pressure each would, of course, give SO tons thrust. With 
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thew? great loads easil}' obtained, it Is obvious that care must l>e. 
used not to damage the structure that is used as a reaction. 

As the pile is jacked into the ground, resistance to its progress 
inc reacts rapidly. Every few feet the earth is excavated from 
witliin the cylinder. Earth augers an<l miniature orange-peel 
bucketa attached to suitably jointed rods are used, also Jetting, 
and with the pile exeavate<i, the resistiincf:^ to driving generally 
disapf>ears. A convenient rig sometime.s employed consists of 
putting the suction of a diaphragm pump down the pile, keeping 
the pile full of water, and jacking at the same time. By this 
method, progress is more or less uninterrupted by the excavating 
proec^ss but care should be taken not to let the suction of the pump 
get too near the bottom of the pile as this would cause a loss of 
ground. 



The skin friction of these cylindrical jnles is ahvays veiy 
small, around 50 11). per sq. ft. of surface — ^in other words, a 25-ft. 
pile, 14 in. in diameter, rcM^uires only 4 or 5 tons to thrust it into 
the ground, provided, of course, that the pile is excavated to 
within a few inches of its bottom. 

When driven the require<l depth and excavated, the pile is 
then eoncrettxi, using bottom-dumping buckets, if necessary. 
The hydraulic rams are again placed on the cylinders and the 
piles tested by reapplication of the load, wrell in excess of the 
load the pile is designed to carry. In coarse sand or gravel such 
a pile will give a reaction of 80 tons with a settlement of a foot 
or two, or with greater settlements in finer grained soils. The 
reMon for thw is that the soil at the baro of the pile is compressed, 
fonmng a bulb. While the pressure is maintained, this bulb 
will ge»e»My remain intact but is partly or entirely d^troyed 
if the load, is Iwt, «> that further settlement w^ould be required 
for tl» 1 ^ to eiMtaiii its kmd. A settlemmt curve of such a 
^yiinter m shown m 1%. li. 





foundations for a new building while the old buildings are being 
demolished. 

If this method is not used, the jacks are removed after testing 
and the piles wedged up by means of beams, plates, wedges, etc. 

Example of Underpinning . — An interesting case of a Yer\' 
unusual underpinning operation was made necessary" by the 
failure of the foundation of a grain elevator ’belonging to the 
Canadian Pacific Railway located at Winnipeg, Canada. The 
structure consisted of a workhouse 70 X Ci) ft. and 180 ft. high, 
of a bin house 77 X 195 ft., containing 65 circular bins 92 ft. 
high placed in five rows, a penthouse located on top of the bins, 
and the necessary conveyors below them. The storage capacity 
was 1,000,000 bu- The bin house was construeted on a mncrele 
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ttmt foundation resting on i*Kv. The clay had a high water 
content and covered limestone l>edroek to a depth of o4 ft. 

Shortly after Iwing loaded with 875d>00 bu. of grain, the bin 
house started to settle with a marked inclination to the west. 
It finally came to rc-st at an inclination of 29°53', as shown in 
Fig. 18. The west, or lower, side* of the mat was 29 ft. below the 
original clay and the east or upfx^r side was 5 ft. above the orig- 



Fio. “WinxiiijeiE Krain elevator after foundation failure. {Courtesy of 
Foundation Company.) 


in^ clay. (3n the north end the mat w'as 4 ft. low^er than the 

south end. 

The underpinning work w’as done by the Foundation Company 
of New York, New' York. After the grain had been emptied, 
writable MocMng and shores were installed to prevent further 
settfement and lateral movement of the structure during under- 
pinning pier constrU'Ctioii- Seventy open wells '^eh 7 ft. in diam- 
eter' and armngwi in five rows were sunk through the clay to rock 
and concreted to the Itevels indicated in Fig. 19. Blocking jacks, 
€Wi the i»rars in rows J and K im Fig. 19, raised the 
stracture and «iwed it to- rotate ahcmt piers f as a fulcrum, 
the mciiM^s»n cd tibe rtrueture had howi rodu^d to about 
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8°30\ the H-piers were used as a fulenim in order to raise the 
entire strueture vertically. The jacking operation.^ are shown in 
Fig. 20. Four Iiundred twenty jacks were usc^d in the final jack- 



ing operation. When the structure was level in an east-west 
direction, isolated jacks and blocking were removed and the top of 
the pier was concreted. This proc^ repeated until the 
structure rested upon ite new foundations. 
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I>esigii of UndeiTpiniiiiig. — The dc*sign of underpinning is 
ii|>on column loads computcMi from building plans. The 
mme general principles that apply to foundation work are used. 

In general the allowable bearing \-ulue given in building codes 
will apply on floating or spn^a<I underpinning; permissible pile 
loads may vary from 25 to 40 tons. It should, however, be 
empliasized that the jmssible Siife use of these or any other gener- 



WiG. 20. Jacking operations, Winnipeg grain elevator, {Courtesy of Foundation 

Company.) 


ally established values should be determined from a study of the 
soil and water conditions at the site, the character and loadings 
upon surrounding building foundations, and the proposed 
methods to be used in conditioning the building for underpinning 
and in the instaliation of the underpinning proper. 

Although .some Bettlement naay be expected and allowed, the 
amount dhould be a minimum. This demands that both vertical 
and horisontal earth movements be ©cmtroled. To wntrol 'earth 
movements, pite and tr»ch«» s^xild be braced in such a manner 
as to resMt the m^h without dbusi^rous distortion or 
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deflection. The extent of the dc^flection and displacement of the 
restraining structures will determine the volume eliange tliat 
allows subsidence. The extent of subsidence cari then Im? deter- 
mined from the characteristics of the restrained materials, lliis 
is an important factor in determining the effect u|Kin interior 
columns of underpinning building foundations. 

Because of the many variable factors that determine thc^ 
success of underpinning operations, its practice is eoiisiderwi a 
highly specialized field. The succe.s.sful design and constnictioii 
of underpinning involve in many eases not only great fmaiKual 
responsibility but also responsibility for the safety of many 
persons. It therefore requires a thorough technical knowledge 
of the engineering materials and their behavior under loads, 
together with the knowledge gained from a wide cx|>erienc*e in 
this field of engineering practice. 



SECTION 6 

FOIIHDATIOHS INQUIRING SPECIAL CONSIDERATIOII 

BEEP BASEMENTS AND MACHINERY PITS 

The eonstruetion of dc^p bast^meiits and pits may involve ali 
the methods of foundation eonst ruction from open iinsheeted 
excavation to the use of cofferdams and caissons. This is espe- 
cially true in wet ground where such constmction is almost 
alw'ays troublesome and expensive. This kind of work is slow 
at thf^ l>est and many progress schedules that seemed liberal to the 
designing engineer have been entirely disarranged by water under 
the ground. 

Ground water is not detected by the common method of wash 
borings. Test pits are much more relial)le in this matter. 
Wherever dwp pits are contemplated, especial attention should 
lx? paid to this point in the preliminary explorations and, if 
water is encountered, it is always advisable to give smioiis con- 
sideration to the i:K>ssibility of omitting the pits if the same pur- 
|K>se can !)e s<;*r\'ed by a modification of the design. This may 
mean the raising of the basement floor, or perhaps all the floors 
of a building, or the adoption of a different type of conveying 
machinery’. 

After it Ls determined that the pits are a necessary part of the 
buildiiig, their design should be worked out carefully with regard 
to pcwible construction methods and the necessity of making 
them tight and icaterproof. They must be borne in mind also in 
prepyring cxwt estimate and progress schedules. 

1. I>eaigm----I)uring all stages of tbe design, underground 
wwidi&*ns and c^iistruction methods should be considered. If 
te gWMiid is dry, concrete -walis (plain or reinforced) to suit the 
mm aipported on ordinary footings; floom can be laid 
after te vals mm iny^dL 

Tie deai^Qer mm often make ooi»der&ble saving by 

dbearrl^ dtedly h^iavkir of tel pts to determine tim 
aai^ of refioee tm te he has to suppon 
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Particularly in tbe more shallow pits, enginec?rs are often extrava- 
gant with reinforcing steel in walls and floors. Ari*hit«*cts 
Hiid builders who work by the aecumulaUai ex|K-rienee of the 
building craft rather than by mathematical analysis st:*em to 
understand the strength of plain masoniy' walls bc‘tter than many 
engineers, and their confidence is justified by thousands of 
successful examples. 

In wet ground, wails and floor are preferably monolithic and 
usually thicker than required to withstand earth pressure and 
the loads to be carried. If a special system of W’aterpr«K>fing is 
to be used, the method should be determined earh’ and showm on 
the plans. 

2. Construction, — Basements and ]>it.s in dry groumi are no 
different from any other form of foundation construction. The 
excavation, bracing, and concreting are done by the ordinary 
methods and, with correct design and careful eonstriiction, gi>od 
results are certain. Pits in wet ground are an entirely liifferent 
matter. The ordinary foundation troubles are magnified l>\' the 
fact that instead of digging a hole to lx? filled up with good 
ordinaiy' concrete and earth, the builder is making a box with 
com para th’ely thin walls, w^hich is to remain px‘rmtineiit ly open 
and is to house expensive machinery and gomis that must lx* 
protected from water at all times. Sometimes the most careful 
builders do not secure watertight pits, and large sums have to 
be expended for w^aterproofing the finished work with more or 
less satisfactory results. This is usually due to failure to appre- 
ciate the difficulties during the period of design and to starting 
the w’-ork without adequate preparation and equipment. 

Pits of any considerable size should be sheeted solid from near 
the top unless the ground is unusually firm and remains so upon 
exposure to air and w’ater. This sheeting should be thoroughly 
braced- A careful and experienced contractor usually knows how- 
to do this without any instruction, using good judgment based 
on experience, but it is w^ell for the young engineer to check up 
the sheeting and bracing by calculations of earth pre^ure and to 
make a careful daily inspection of the sides of the hole. Danger 
can usually be detected by deflection of the timbers and move- 
ment of the walls. In this way the en^eer will also add to his 
theory practical knowledge of the lateral prs^sure exerted by 
various kinds of earth. The most expeiieaic^ are apt to be tiMs 
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most raw-fill in tins re^fiect as there is nothing much %vorse on a 
job than a big hole hlle<i with eaved-in earth, !>racing, and shc-^d- 
ing with iKissibiy sonit* men buried under it. 

The yH-rmeability of eoncrete <ieerea.s€‘.s with increasing density. 
It can Im» made watertight against high heads of water. Dense 
concrete? can !>e made from well-graded aggregate and good 
cement well mixtsi wdth the right proi>ortion of water and placed 
with the aid of vibrators in tight forms that are clean and free 
from mnning w’ater. Thest^ conditions can all l>e assured by 
ordinary careful work ex<“ept the last one, which is sometimes 
very difficult. If a pit c‘an l>t‘ kept diw’ while the concrete is l>eing 
piac€*d and until it has thoroughly set, a watertight job can be 
practically giiarantet-d. If water is allowed to run or seep 
through the gre<m concrete, leaks are almost certain to show\ 
The problem is then: how to kei‘p the pit dry until the concrc^te 
lias s€d. 

When conditions are not too bad, this can often be done by 
ordinary pumping from a sump. The sump should be located 
where it can remain in servi<*e until the concrete is scd. Some- 
times tlie sump has to la* dug outside the line of finished w’ork to a 
depth Iwdow the subgnide. If water flow’s across the bottom of 
the hole, it is sometimes possible to diw’ the subgrade for the 
concrete by digging it 6 in. or a f<x>t low’€-r and backfilling to the 
pro|M‘r elevation with crushed stone or coarse gravel through 
wiiich the w'ater can flow to the sump without disturbing the 
concrete al)ove. 

Tile drains are sometimes laid on the subgrade to lead the 
W'ater away and can usually be plugged at their connection 
with the sump after the floor has set hard. There are a number 
of basements in Chicago w’here such subdrains W’ere used and 
the floors were not tight enough to withstand the w’ater W’hen 
the premure increased after these pipes were plugged. In these 
ca«s3 the drains were left permanently connected to the sumps. 
TMs method is not recommended, but the basemente are kept 
peirf«!tly dry at the ex^t of continual pumping. 

At the &jnson Tractor w’orks in Janesvilley Wisconsin, in 
1919, an aA pit and conveyor pit had to be sunk 10 ft. below the 
basement floor and nearfy the same distance below ground-water 
lei? el. TH«5 seal wm «»fse .^nd and gravel. Several large 
fwimpe wmm imstalled wni a ti^ht wm instructed and 
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driven down as the excavation progressc^d. Wh«*ri the Ijottoin 
was reached, the flow of w’ater amounted to several tlioiisiiiids 
of gallons per minute. The plans showed a 12-in. floor hut the 
excavation was carried 2 ft. deeper and 2 ft. of eonc*rete was 
placed all over the bottom except for a channel aroiimi the 
outside left to conduct the w’ater to the sump. When this floor 
had hardened, little springs of water came up through it in a 
number of places and it was apparent that the top fiotjr would 
be no better unless it could be protected from the water wliile 
soft. A large piece of heavy canvas was cut to fit the flcMir and 
to turn up 18 in. all around in the walls. This canvas was sf>aked 
in parafiSn oil and was spread on top of the siibfl<K)r. FltKir 
reinforcing rods were placed, wall forms and reinforcing l»ars 
w^ere set up, and the waterproofing sheet was carefully turned u|> 
in the center of each wall. The concrete of the top flcx>r was 
placed on top of the canvas and the walls were plac«i monolithic 
with the floor. This pit w’as practically dr\' when complete<i and 
w'as better than any of the other pits at this location that wen* 
constructed by different methods. 

An accepted method of drying a pit of this kind is the method 
of lowering ground winter by the use of well points. tliis 

method well points are driven dow'ii around the area to be dried 
and are connected by pipes to a pump that is kept in continuous 
operation- The first application of this method of which the 
writer know's is recorded in the report of the ^Metropolitan 
Sewerage Commission for 1901. It was used on Section 69 by 
Beckwnth and Quackenbush of Mohawrk, New’ York, as follows: 

For a length of 300 ft. near Mount Hope Station, the fine sand in 
which the lower part of the trench w’as excavated moved under the 
head of ground water. Five tubular w^elLs were driven through tlie 
stratum of fine sand into the underlying gravel 19 ft. below. Pumping 
was continued for about a month when the soil was dried enough for the 
masonry to be placed. 

This method was used on a lai^e scale in all kinds of under- 
ground work during the construction of the city of Gary, Indiana. 
It has been extensively used on sewer work about Chicago with 
uniform success. During 1921 it was used for the ba^ment of 
the Cornelia Garage on Broadway in Chicago and was succc^ul 
as far as it was possible to use it. The sooth ba«fment wall wae 
adja^nt to the next buMij^ and it was to iwoO'Vt© aH 
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t.he points on one side l>efore the floor eouid !,h* plueed Tin,? 
other single rom' of points was not sufficient to keep down the 
water, and other means had to lx* adopted to finish tlie job. 

A well-known instance of ground-water lowering b\’ the use of 
well points is in excavating for the foundations of the Amljassador 
Hotel and the Ritz C'arlton Hotel at Atlantic City and described 
as follows in the Engineering X^ews'-Eecord of Jan, 13, 1921); 

In lx>th cases the sand was excavated in the open without sheeting 
to depths excjeeding 15 ft. Mow mean tide in spite of the fact that in 
one case the work was situated w'ithin 100 ft. of the water’s edge. This 
result 'wm miwle possible by encircling the w't»rk with lines of driven 
wells and ptmifang dowm the water in the sand to a level tehrnv the floor 
t J the excavation. The fineness of the sand and its stability when dry 
made the method imrticularly effective as the pumping capacity required 
was rrnxierate, changes in ground water level were comparatively slow, 
and the excavation stood with vertical banks that showed no tendency to 
crumble. 

In applying well point pumping to the Ambassador a single cofferdam 
W'as coristniete<i around the whole site by encircling it with a ring 
of w'ells pumjxd as a single unit. The Ritz Carlton w'ork is distin- 
guished by extensive suMi\ision of pumping and construction work 
through the use of many local rings of well points forming separate 
cofferdams. This expe^iient permitted progressive working from one 
end of the site towards the other, gave remarkable flexibility and 
adaptability to changing conditions, and, together with the practice of 
lowering the ground w’ater in successive stages by using several tiers of 
wells as excavation proceeded, gave marked economy in both plant 
cost and pumping cc«t. 

The weUs consisted of lengths of IJi-in, pipe fitted with well points 
30 to 36 in. long w’rapped with 60-niesh screen, which were jetted down 
into the sand at inter^mls of from 3 to 4 ft. to as close as IS in., usually 
ckwest In the low’ttt tier. The top of each well pipe connected through 
IH-ln, wire cowred hc»e to a 4-in. steel pumping main, to which W’ere 
©O'maect^ oae, two, three or four electrically driven pump units of 
capiidity from 75 to WO gal. per minute discharging by pipe line to 
the beach- Each of thi^ unite was mounted on a platform to form a 
poirteliA® uw-t couM be shifted around by the derrick. 

la i^^ag ^wn a wrfi point a i»pe suppli-ed with water at 

'■Mblb, pwMWf© wi« fmsifcsd down into the ground and moved around or 
chmwwi m mus^mj to Im&m up an arm iMge eiw wgh for the well 
pipe; iwfi pp# wito point wm then droi^wi into soft mnd 
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Generally the points were put down to depths of 10 to 20 ft. How- 
ever, tlie details of the well point work throughout as to depth, BfMeing , 
pumping capacity, and the like, were fixed as experience dlctateiJ, the 
system adapting itself flexibly to any required changes. When a 
particular area of the site was to l>e excavated to a lower level, for 
example, a ring of points was sunk around the area, at i>f>Hsibiy 4 ft. spac- 
ing, to 5 or 6 ft. depth, and pumping and excavation were starte«l 
simultaneously. If these wells did not draw down tlie water rapidly 
enough, or if the ground proved wet in excavating, a set of points was 
Jetted down between those already in place. If the pumf^s were nr>t 
able to hold the vacuum, another pump was cut in. Hose and pipe 
connections w^ere checked for tightness frequently, tliis l>eing ’vital 
to good results- When the excavation was down 4 or 5 ft. a set of {xnnts 
was jetted in around the bottom of the pit to lower the water level 
farther, excavation then continuing inside this smaller ring. 

On the 'whole, experience at this site was that tlie ground water level 
could be lowered 10 ft. in about 4 hr. (with 10 to 12 ft. of lift and ulKiut 
30 ft- from foot of w’ell to discharge). The return of the w'ater was 
relatively slow, so that wlien pumping was stopped it would Is? half 
an hour before water came up through the flixrr of the excavation. 
The pumpage is fairly represented by the exjierience with tlie longest 
continuous line of wells, wiiose total length w'as something over 300 ft. 
and tlie pumpage averaged 300 gal. per minute. A vacuum of 12 to 20 
in. of mercury was carried at the pump. This w'us at a distance of le.^s 
than 200 ft. from the edge of mean tide. 

Work \vas started at the beach end of the site, first on the right 
hand half of the front wall, the other half being starteii only after 
the deep wall footing of the first half had been constructed and the 
principal hazard of interruption of the pumps was over. Then the side 
wall and parts of the rear 'wall w’ere taken in hand. When the next 
sections of side wall were started, the entire front section W’as cut 
off by a line of wells and general excavation of the forw’ard portion 
continued down to floor level. Underdrains, concrete in base, water- 
proofing, and final concrete floor were then put in, which tcMik care of 
further drainage in this section and released the w'ells and pumps. 

It is not always practicable to use this satisfactory method of 
drying a pit and some other method must be adopted to prevent 
w^ater from flowing through the green concrete of tvalls and floor. 
The caisson method is sometimes used on a small scale by con- 
structing a tight box of dress^ and matched lumber having walls 
and floor, which is set dowm. in the pit and the concrete pissed 
within it using the box as an outside form. Sometime a box of 
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sheet stee! is used for small pits such as those for elevators. This 
is a reliable methml where practicable. The reinforced concrete 
caisson has bcfm used witli marked success for large pits and there 
f«ems to be no gCMKi n^ason why it could not l>e usc?d equali 3 " well 
for small pits by weighting down the caisson sufficiently. 

In the construction of the Quabbin Dam and Dike for the 
Quabbin Reservoir of the Metropolitan District Water Extension, 
Bc^Uin, IVI$issacluis<»tts, an extensive pumping system to lower 
the ground-water level w as used. These dams are located about 
65 miles west of Boston in the valleys of the Swift River and 
Beaver Brcjok. The foundations are in glacial materials. To 
secure watiTtight core walls, a concrete wall consisting of con- 
crete caissons sunk to ledge rock was selected. A lowering of the 
ground-w ater table was desired so that a low’er air pressure could 
l»e used in the pneumatic caissons.^ 

An exploratory caisson equipped w'ith intakes and pumps was 
sunk to a depth of 75 ft. below’ river level. Ground water was 
pum|>€d at an average rate of about 650 gal. per min. This 
accomplished a lowering of the ground-w’ater level in the vicinity 
of the caisson of alK»ut 7 ft. Additional pumps were installed and 
the intake capacity was increased by forcing well points into the 
surrounding material through holes drilled in the caisson sides. 
Pumping at a pumping rate cf about 2,100 gal. per min. over a 
period of 11 months low’ered the ground w’ater in the vicinity of 
the caisson abtait 30 ft. 

The river was diverted and the area of the dam site was closed 
off by upst regain and downstream embankments. Tw’o addi- 
tional exploratory' caissons were installed at points w'here the 
overburden was thicker. In general, pumping w^as carried on 
from two caissons while the third w'as being excavated under air 
pressure. Following this method these caissons were sunk to 
ledge rock about li® ft. below’ river level and 100 ft. below' ground- 
W'ater level. 

These caiwons were then sealed off, and special intakes con- 
structed under the cutting edge were connected to pumping 
unite throu#! the s»i. During the construction of the core 
wal, terapormry portable pumping units lowerwi into the working 

^ Wmc m owaffcte imd dtetaileci report of this work, refereace is lamde to 
Q^hhin by Steaiey M. Dore, 

Trmm». Am, 0M. 1W7, pp. 
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chambers of other caissons aided these pumping units in ri*nifn - 
ing ground water. 

Ground water wiis pum{>ed at the rate of approximately 
gal. per min. for several months during the eonstruction of tin* 
core wall. The ground-water level was lowereil al#out To ft. 
Xearly all the other core wall cais.son.s were sunk by thi‘ use of an 
air pressure of approximately 18 lh>. ]>er sc(. in. Approximately 
82 per cent of the caisson sinking was accomplished uiHier 
pheric pressure conditions. All the exploratory caiissons iM.*r‘ain«* 
part of the finished core wall. 

Sometimes the bottom may be sealed by placing a thic*k mat of 
dry mixed concrete all over it. The aggregate and cement are 
mixed without water and the w^ater Is drawn up through the m:i.ss 
by capillary attraction. If the flow of water from the bottmii is 
too violent to allow this treatment, the water may lx* |K*rmitted 
to rise to its normal level and the mat of concrete t>laced in ."till 
water through a tube or be placed by a dumping bu<‘ket. The 
water can be pumped out after the concrete Is thunjughly sc-t and 
the bottom will usually be sealed. 

The application of mixtures, membranes or other coatings f< u* 
waterproofing is discussed in Arts. 3, 4, 6, and 6. Tlie grouting 
method of waterproofing is practically a part of the concreting 
and has been used in many tunnels and is applicable to basement,-. 
It was used with marked success on the turmels of the New 
A^ork Aqueduct and also in the new Delatvare River Aqueduct. 
Sheet-iron pans were placed against the wall of the excavation to 
catch the infiltering water and to lead it to a drain pipe extending 
out through the face of the form. Grout pipes also extended into 
the space between the pans and the outer wall. The wall wa.s 
concreted in the ordinary way and the green concrete was not 
disturbed by water, which "was intercepted by the pans and carried 
aw'ay through the drain pipes. After the concrete had thor- 
oughly hardened, thin grout was forced in to fill the voids by 
the pressure of compressed air. By repeated applications of 
grout, remarkably good results were attained and in most cases 
the walls were left entirely dry. Grouting was also practiced 
on the La Salle Street and Washington Street tunnels in Chicago 
to dry finished walls that leaked. Hol^ were drifled through the 
walls and a grouting nozzle was inserted with a coUar, which was 
jacked tight against a thick gasket that mirrouiided the nozade. 
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Gnmt wiis for<‘(‘d in Indiiiid tlit* wall. ri>uii hardening, it 

effectually stalled the leaks. 

WATERPROOFING OF SUBSTRUCTURES 

The qui^stion of waterpnx>fing, esi>eeially of the sul)striictiire 
cff a building, is ii subject that has U'eri given eomi jurat iveiy 
little eonsidemtioii liy the majority of urcdiiteets, engineers, and 
eontraetors. The natural result Is that in many cases some sys- 
tem is us€*d that doc‘s not fit the conditions. 

The rnx'essity for dwix^r foundations and the use of basement 
fitKjrs, whi<*h arc* often Ixdow’ ground-w'ater level, have increased 
the mxxi for waterproofing. As practically all the foundations of 
today are iKung built of concrete, this discussion will be limited to 
the waterproofing of that material. 

It is almost generally conceded that concrete can be made 
watertight without the aid of waterproofing agents provided 
(and there is th*.‘ whole secret) that 100 per cent 'workmanship 
Ix" obtained in all stejjs. The fact that we often see e.xamples of 
concrete that are not so gcHxl as can l>e made shows that the 
jx'rscjnal e<iuation cannot la? neglected. It also prove^s that 
results cannot lx‘ guaranteed without some special agent, 
livery w ater{)rooting system has its value, but some of them are 
not applicable to certain casi^s; the choice therefore depends 
entirely uj>on the conditions to lx; met. 

3. Methods of WaterproojSng. — In general there are three 
main classes of w aterprocjfing: the integral method, the membrane 
method, and the surface coating method. 

4. Integral Method of Waterproofing. — ^The integral method 

<‘oiiisiste of incor jjomt ing in the concrete some material, either as 
a paste, fKJwder, or liquid- This material is added during the 
mixing and the theor>' is that it will act as a void filler. It is 
Ijecause of the voids in concrete that leaks occur; if these are 
filled there can be no leakage. If an integral system is used on a 
job, strict superintendence must ensure that all precautions are 
taken to secure an A-1 concrete. It should be remembered that a 
void filter will not prevent construction joints or porous spots, 
lM>tli of which mm the of poor workiim,iiship. It is po^ibie 

to secure waterproof concrete without a waterproofing a^nt, 
provided that a proper ^fcetion of mateimte^ is. made, that the 



Sec. &~53 REQUIRING , SPECIAL CONS} DEE ATiOS 293 

mix is properly graded and designed, and that eart-fii! workman- 
ship is obtained. 

A subdivision can be made in the integral miuhiKl: inert 
fillers, water repellents, and ehemicai combinations. 

Among the inert fillers, hydrated lime is the Ix-st known. 
Probably its most valuable advantage is its plasticizing profMUtv, 
which allows a reduction in the amount of mixing water witlioiit a 
reduction in the workability. It likewise aids in placing, particu- 
larly when chutes are used. 

Cla3^ is another inert filler. If it is used, care should W taken 
that the material is in a finelj" divided state and that it is evenh~ 
distributed throughout the mass. Clays having high expansion 
coefficients will expand and fill the voids, thus prtxiueing a more 
dense mix. If the claj' is added to replace a part of the cement, 
the strength of the concrete will be reduced. 

The water repellents generally have, as a base, lime to whieii is 
added a percentage of fatty acids. The theory is that the acids 
react with the lime to form a lime soap. This is not easily soluble* 
in water and therefore tends to repel it. Hea\w oils ha\*e als<i 
been used with more or less success. 

Man^' waterproofing compounds are now a\’ailable under such 
trade names as Puzzolith, Steabox, Omicron, ^Ia.sterseal. and 
Truscon waterproofing. In general, these products are a lime or 
stearate base. IManufaeturers assert that these products will 
produce a puzzolithic or a plasticizing effect that increases wtjrk- 
ability and decreases permeability", absorption, and shrinkage. 

In the class of chemical combinations are those which have a 
chemical action on the cement. Whereas these agents fill or 
help to fill the voids, there is also the advantage of the chemical 
reaction by which is formed a chemical with waterproofing 
properties, which also assists in the hardening of the concrete. 

Summing up the integral method, the main advantage is that it 
makes possible the use of a lower quantity of mixing -water for the 
same workability. It should be remembered that it will not 
compensate for poor workmanship, poor materials, etc. If the 
forms allow passage of water, this waterproofing will be washed 
out and make the concrete weaker than if it had not been used. 

§, Membrane Method of Wateri^oc^&cig. — Membmne water- 
proofing, althou^ really a surface- ccmtiiig, is now so extenaveiy 
urod that it is listed, as a special method- It ©onsfefe of srftemate 
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layijrv of fiilKrif* aii<! tar or a.s|>Iialt applied either to the exterior 
or int<*rior surfaeeH Fig. 1). The fabric is usualh' either 
felt or burlap impregnated with tar or asphalt. The surfaces 
are fin^t mopjMHi with hot tar <ir asphalt and, while that is still 
soft, eoverc^d with the fabric. Usually from three to five layers 
of fabric are requiml for a waterproof job. The application of 
this system is ver>’ important as is also the choice of the material; 

t<JO often it is done by a roofing 
contractor who knows nothing 
about waterproofing and w'ho uses 
ordinary roofing paper instead of 
fabric. 

By the membrane system there 
are covered up the defects in the 
concrete due to poor workmanship 
in leaving jx>rous spots and con- 
struction joints. Another advan- 
tage is that the fabric is slightly elastic and can, without breaking, 
bridge st met ural cracks that are small and prevent leaks at 
these p<jints. 

Although this system has the*se decided advantages, it also has 
sc'rious disadvantages that are po.ssibly of greater weight. It 
cannot l>e applit>d to a wet or cold wall as the tar or asphalt vdll 
not hold. If it is applied to the exterior of the walls, extra 
excavation is required; if applied to the interior of the w^alLs, 
a sj>eeial concrete or brick wall is needed to hold the membrane 
in place and prevent sloughing. It is good practice to place a 
protecting wall even when the membrane is applied to exterior 
surfaces. If laige or even medium cranks occur, the fabric will 
not span it and will crack. Expenses involved in repairing leaks 
in a membrane system are often so high that they are out of 
the question. 

Membrane to secure the best results should be applied while 
the structure is being built. It should be run over the floor 
and footing to the exterior of the wall, leaving enough to run 
pari way up the wail. This tends to destroy the bond between 
the wal and die footing and the weight of die wall should be 
wiffifccieiit to pmwmki dipping. 

C ^Kfiaoe "Ceating Mettiod WatserpEOGMi^ — THbe swrfaee 

coadng 2) tmmptmm all used to €»at the 



Fig. 1.” -MieiuljrMJie w»t«‘r-pr«:><)f- 
iiig method. 
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surface after tlie .structure is completed. To s«H‘urc gooil rt*siilts 
with this method all porous should l>e chipiM^l out and 

replaced with good eonerete. 

Sodium silicate and magnesium silicate have lM*eri iiseil witli a 
certain amount of success. The silicates act on the frw linii' 
in the concrete to form a hard insoluble coating. The life <if thi.-< 
coating is limited, requiring periodic treat m<?nt. 

The Annapolis mi.x is a combination of Portlanil cement, coal- 
tar pitch, and kerosene. This has given excelk*nt results when 
applied to exterior surfaces. 

Paraffin has also been u.sed to some extent Imt its um* ha> Ix-en 
limited because of the high cost. It is applied in the melted 
state and forced into the concrete with a blowtorch, thereby 
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Fig. 2.— Surface waterp roofing!: methiMi, 


filling the surface pores; a final surface coat is usually applied. 
This is also limited so far as life is concerned and shmdd lx* 
renewed- 

The plaster coat method is a system that has been used to a 
great extent, especially in the East. Briefly, this method consists 
of a dense mortar coat applied either to interior or exterior 
surfaces. The surfaces are all chipped and roughened so as to 
secure a mechanical bond for the coating. All bad s|x>ts are 
chipped out and replaced with good dense mortar. Often an 
integral waterproofing is used in the coating to make it more 
workable and give a denser mortar. 

The main objection to this method is that the plaster obtains 
the bond with the concrete only because the concrete is rough- 
ened. In cases in which it is applied to the interior surfaces 
where there is much pressure, the coat is liable to foe blown off. 
It has the advantage that it can foe ea^y repaired if leaks develop 
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imd will last as long as tlie structure itself, often prolonging the 
life of the structure by preventing passage of water through 
the eoiicTetc*. It may, however, lie difficult to locate the leak. 
Often large s4:*<'*tions of wall have to lx* removed and it^paircxi. 
Tlie extendetl Improvement in cement quality and the newer 
P'rcK‘e.sst*s used in the application during recent years have greatly 
irnprovixl this nic^thod. 

The most us(*<i of the siirfacx* coatings, especially in the Middle 
West, is the ferrous method. It consists of coating the surfaces 
with a finely pulverizeil iron to whi<‘h has Ixxm added an oxidiz- 
iiig agent. These particdes are forced into the pores of the 
concrete hy brushing and, in oxidizing, swell and fill those pores, 
also forming a lK>ruiing coat for additional coats. Each coat 
should lx* thoroughly develo}x*<i lx*fore another is applied, if the 
Ixjst n^sults are to l>e obtairi€*d. Usually one or two straight 
coats of the pulverizcsj iron are applied, followed by alternate 
coats of slush and iron, the nunilx^r de^pending upon conditions. 
The final coat consists of a cement wash to which has been added 
a certain jx*rcentage of the iron, thereby gi\'ing the finished 
Kurface the gray concrete color. If a w'hite finish is w’anted, 
white cemcuit is used. 

The obje<*tioii hiis Ixxai raised that this material becomes only 
a rust and will not be permanent. It is correct that it forms an 
iron oxide, of which class rust is one, but that oxide takes the form 
of limorute which is a combination that is very stable. Eecords 
show that waterproofing placed by tliis method has given good 
service over long perio<ls of time. 

On wall work no protecting or restraining wall is needed. The 
bond is obtained through the swelling action of the iron and is so 
perfect that on interior surfaces it has stood a pressure of 70 ft. of 
w'ater. What it will stand on exterior surfaces has never been 
reached. On flwr work it is placet! under the topping as a protec- 
tion agaiiLst abrasion. This topping becomes an integral part of 
the floor on account of the bonding action of the iron. 

This system is applicable to both exterior and interior surfaces, 
and is applicable to old as well as to new w^ork. It can be success- 
fuly applied to walls that are wet or through w^hich water is 
flowing. This system does not involve the expense of extra 
excavation, of a protection wall, or of back plastering. Should 
trocturml cracks develop, they can be mem and repaired. If 
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desired, paint can be a]>plied directly ii|K>n surfaces so tr€*at4‘d 
without any effect on the paint. 

The principal objection to this system is tluit of cost, which 
depends upon the character of the work but, generally, is fiighcT 
than that of the other systems. This is due to the fact tliat it 
must be applied by experienced laljor to ensure success. It is not 
a method that can be used by the ordinary ia\*man- 

Duriiig recent years there has Ixaai a great advance in the 
waterproofing of .structures until at prescmt thi,‘ main probkan Is 
to secure a method that will prevent leakage through stni<*tural 
cracks. As yet no such method has lx‘en devidofMai so that und«‘r 
the circumstances the best method is that be.st adapted to the 
type of construction, 

RETAINING WALL FOUNDATIONS 

Although foundations for retaining walls do not differ in 
tial detail from those of other stmctiires, there are several 
that present themselves for special consideration. <Jrdiiiarily 
the largest horizontal area of a retaining wall is its base, and 
fore the de.sign of its foundation is relatively sirn{:>le. proviihMi 
there is no settlement problem involved. Because of tlie uneven 
distribution of loading, retaining wall foundations are liable to 
show differential settlement. This causes tlie wall to move out 
of plumb. This in turn changes the stress condition in both the 
backfill and in the foundation soil masses. SiifficienT resistance 
to overcome sliding should also be provided. Drainage condi- 
tions and the behavior of the backfiil under wet and dr\' condi- 
tions are very important factors and should be considered in 
design and construction. 

7. Main Considerations. 

1. Whether or not the pressure of the bank or .soil to be 
restrained by the wall is to be relieved during construction (as 
in building an independent wall and backfilling), or whether 
the pressure is to be held with sheeting and bracing during 
construction. 

The placing of the foundation for a retaining wall, while the 
bank with its pressure load is in position, is not radically different 
from placing it in a trench except that the braces are incEned 
props or rakers. If the waH is deigned for such operation, tibe 
lower tieiB of sheeting and bracing may be reanoved wm the wall is 
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built up. th€> sheet iiig may remain in place and holes 

may l>e left in t!i<* wall through which the struts or rakers may 
later lx? remo\'ed. 

2, Whether any action <*ounter to the foundation load should 
be assumed as coming from the ov€‘rturniiig moment against the 
wall. 

Since man 3 ' ordinary* retaining walls at some time in their his- 
tcir>% for some {x>rtion if not all of their length, probabte stand 
alone or nearly so and, further, since the ordinar 3 ' masonry' of such 
walls is not suificiently unified to render this moment fulh' 
effective at the foundation, it is j:>erhaps safer to eliminate this 
item from consideration — at least as a helpful factor, as noted 
later, except in sjKHaallj' df;*signed reinforced concrete walls. 
In such walls where tlie pressure may not be expected to be 
relieved or reduced — as, for instance, clay becoming dr^^ and 
solidifk^i — and wiien the economy' thereby effected is worth 
considering, the overturning moment ma\' offset the action of the 
foundation loa<l. 

3. What action counter to the foundation load should be 
assumed as coming from the presence (if an\’) of water under pres- 
sure in the soil direct l.v Ixdow’ the foundiition. 

In the matter of uplift due to the buo.vant effort of the water in 
the soil three typical cases should be considered: (a) foundation 
nesting on piles, ib) foundation resting on water-bearing soil, and 
(c) foundation rc‘sting on rock. 

In the first case where a retaining %vall foundation rests entireh' 
on piles, a condition max’ easily, and probab^v almost always does, 
arise in w'hi(*h the soil tends to settle slight^v awa.v from the foun- 
dation bottom, forming a water pocket over the whole area not 
actually in contact with the piling. The buoj^ant effort or 
uplift acting on the bottom is then 

P = (.4 - a)h 

where P « total pressure in pounds on foundation bottom. 

A ^ total area in square feet of foundation bottom. 
a ^ total area in square feet of piling. 
h = prMsure per square foot due to the hydrostatic head 
of the water. 

In the ^»iid ca« the condition is differmt, as although the 
fmmdatioii inay be «3«ifiidei®d as rwtiiig on the 'equivalent of 
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solid columns of sand, any settlement or subsidence of the soil 
carries the foundation with it; theridore, a water iHjcket o\'r*r a 
large percentage of +he area cannot form. Xor can tliere Im% 
over those areas which are actually Hup|K>rting the hiiinila- 
tion, any water pressure. There may lx.*, however, and probabl>' 
are, small areas of water pressure corresjx)nding roughly to the 
voids. In this case the buoyant effort is 

P = AVh 

where P = total pressure in pounds on foundation Iwittorn. 

V == percentage of voids in sand. 

h = pressure per square foot due to hydrostatic h(*ad of 
the water. 

Where this factor is a helpful one, f.c., favorable to the design 
or to economy, the designer should l>e very sure of the value he 
attaches to F, owing to the fact that even coarse* soil sucli as 
gravel or coarse sand may become clogged with finer soil shut- 
ting off practically all w^ater pressure. 

With due regard to the safety factor, therefore, it is suggested 
that, where P tends to exert a helpful pressure, V l:>e made to 
equal zero; where the pressure is harmful or against the design, 

V should be made to equal one-half, or 50 per cent. This of 
course is in the absence of satisfactory tests or positive informa- 
tion as to the true value of T' for each special case. 

In the last case — foundation resting on rock — the conditions 
are practically the same as on soil, except that there can lx pra(“- 
tically no settlement of the support, and the value of V or |xr- 
centage of voids is normally much smaller and not infrequently 
is zero. 

Where, however, a critical examination of the rock cannot lx 
made, and again when P acts against or is a factor harmful to the 
design, a value of at least 20 or 30 p>er cent should be assigned to 

V for safety. 

8. Foundations on Piles in Plastic Soil- — A possible condition 
may arise in which a retaining wall foundation is carried by piles 
making a firm foundation although their tops are m soil so TOft 
and plastic as to flow under normal pre^ure — as plastic clay. 
In this remotely possible case the wall and its foundation are 
stable while the fill behind it tends to subside and cause the soil 
around the piles to flow outwardly. 
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To render sueli a fondition Bta!)k% .shcntt piling should Ix^ driven 
flush with the inside fare of the foundation. If the top stringer, 
or wale, bcmrs against the inner face of the foundation, the piling 
need not ne«?s«irily Ix^ driven to firmer .soil but only to a sufficient 
depth so that the pressure on the soil Is tlis.'^ipated laterally. 

Wlien the inside face of the foundation cannot be uncovered or 
expoHcxi, the sheet piling may Ije driven flush with the outer toe 
of the Ix^aring against a ranger anchored to the wall founda- 
tion t)\' expansion lx)its, or reinforced concrete ties or caps, or 
l>y any sjitisfactory anchorage. 

It will ordinarily l»e found in practice, however, that no matter 
how soft the ground, the lx*aring piles will act to prevent the flow 
of soil pnst them even though the piling is not continuous nor 
more than normally close. 

0. Settlement of Retaining Wall Foundations, — It is usuall3' 
true that a small amount of .sc‘ttlement is not serious so long as it 
is not continuous or cumulative. Where this latter is expected 
or foiiiul to exist, piling or the equivalent should be used; but if 
it is known that the maximum settlement for the proposed 
foundation load Is not Ixn’ond the .safe limit set, no further action 
is nect^ssary, provided there is no danger of a deep-seated soil 
failun*. 


DAM FOUNDATIONS 

3.0. Main Requirements. — The main requirements to be con- 
.sidenxl for a dam foundation are as follows: bearing power; water 
tightne*ss or control of seepage; prevention or control of upward 
prc^ssure ; prevention of sliding of the dam on its foundation or in 
the foundation itself; and protection against scour below the 
downstream toe or apron. 

11. Deagn Depends on Kind of Foimdation Material. — The 

type of dam to be built and its design depend on the charac- 
ter of foundation available. Inasmuch as dams are being built 
successfully on such material as light river silt, it is evident that 
almost any material, however unfavorable, may be used for a 
dam foundation, pro’fcided it is propeiiy prepared and provided, 
further, that a suitable d^ign is worked out to fit the foundation 
coniiiticiiis. In other words, some type of dam may be built on 
alinc»t any foumlatioii. On the other hand, failure to under- 
stand fcnuMlation conditions or to appreciate dheir importance 
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has often resulted in disaster, as at Austin, Texas, or in gjeatly 
increased cost and delay, as at Hales Bar, Tennes«*c*. 

12. Meaning of the Term “Foundation.’’— It sfioulci Im* 
remembered that the entire area uixm whieli the *lam re<ts i> 
included in the term “foundation.” It is not siiffieient to 
examine only the lower portion of the foundation, hut the 
nation should be continued all the way to the ends of the dam 
and out into the abutments, to make sure that the higher |Kirtioris 
of the foundations, and the abutments also, me<d the rec|uire- 
ments- There are cases on record where this |>recaution has 
been neglected, with unfortunate results, as at the Cedar I^ke 
Dam at Seattle. 

13. Foundation Material . — Solid rock is tlie only suitahle 
foundation for a high masonry dam, say alxjiit 2(J<) ft. or higher. 
By solid rock is meant firm hard rock, without oikui seams, 
fissures, or faulting. Obviously such rock is also suitable fur 
dams of any other type. Its bearing is sufficient, and tlie 
requirements as to watertight ness, upward pressure, sliding, 
and scour are more easily controlled than with any other founda- 
tion material. Even with solid rock, however, surface indications 
should not be relied upon entirely, and the im})ortanr‘e of sub- 
surface examination and thorough preparation of foundation 
should not be overlooked. These subjects are diseusse«i in 

14 and 16. 

Soft rock, or rock of poor quality, if not too badly fissunMi. 
and hard shale, are suitable foundation material for masonry daniN 
of moderate height, say less than 150 to 200 ft. as well as for 
reinforced concrete, rock fill, earth, or timber dams. Although 
any ordinary rock and the harder shales are usually sufficient 
as to bearing power, the other requirements are not so easily' 
satisfied, particularly as to watertightness, upward pressure 
and scour in the case of the softer rock, and as to sliding and 
scour in the case of shale. Cavernous rock, for any dam founda- 
tion, should be avoided if possible, as it is extremely unreliable, 
even after the most careful grouting or other treatment- The 
difficulties encountered at the Hales Bar Dam illustrate this. 
Subsurface examinations become increasingly important as the 
character of the material is less reliable, and special treatment is 
often necessary to meet the various foundation requirements. 
Many of the softer rock and sh^es deteriorate rapidly 
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<*Mpu>urc‘, ami that feature^ shouhi \h* kept in inimi, not only in the 
design of the stru<*tiire hut also in pn^paring the foundation to 
rm‘€*ive it. 

(■lay is usually reganlmi with .suspicion for a dam foundation, 
although with projx^r treatment the harder clays may be suitable 
for most typ(\s of dams, except masonry dams of considerable 
height, llie clays vary so much in character and are so affected 
}>y changes in moisture conditions tliat great care should be used 
in determining their suitability in any case. By going to greater 
depth, by confining the material with curtain walls or sheet piling, 
by loading the material outside of the structure itself, or by 
drainage, a clay foumlation, which otherwise would be unsatis- 
factory, may be made to the requirements. Short piles 

are sometimes driven f<ir the purpose of compacting a soil to 
inereast? its l>earirig capacity. They may also be used as bearing 
pikts. Before piles are driven into a clay deposit for either pur- 
post\ a careful study of its characteristics should be made. The 
disturl>ance created by pile-driving operations may cause certain 
clays to iHH'ome unstable l>ecause of the breakdown or destruction 
of their structure. Further reference is made to this considera- 
tion in Appemdix B. When the necessary l>earing capacity is 
assured, the retiuireraents as to sliding and scour are the ones to 
consider most carefully. Clay foundations should always be 
prcitected from overflow, or discharge from outlets or spillways, 
until velcMuties have be^en reduced to the point where scour or 
wash will cause no damage. 

Gravel and sand are commonly used as foundations for low 
masonrj’ dams, .say 5<3 ft. or less in height, and for other types of 
dams of any reasonable height. Such foundations should be 
studied carefully, however, inasmuch as few if any of the require- 
ments are satisfied without special treatment of the foundation 
or special design of the structure to meet the conditions. Bearing 
power is usually sufficient, except for masonry dams, where piling 
or a widened base may be necessary. Seepage may be controlleti 
by a cut<rff w’sll, a core wall, or an impervious upstream blanket. 
Upward pressure should be provided for in the design. Scour 
may be prevented by a timber or rock apron. 

Sand and mil have been used succe^uEy in many cases as 
foundatimi material for earth dams and for low dams of most 
any ertber type, including reinfoit^d concrete -dams of special 
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design, the precautions mentioned in prectMlirig para- 

graph should be considered even more carefully in iIh* cast* of 
these lighter materials; in addition, it is usually necessary p* niaki* 
some modifications in design to meet the unfavorable foundation 
conditions. The Gatun Dam (Panama) and the Laguna l>afii 
(Arizona) are cases in point. 

Generally speaking, any dam is an important structure, ant! the 
selection of type and design to suit the foundation available 
should be based on sound judgment and exfK*rience% with qm^s- 
tions of doubt always decided on the conser\'ative side. In the 
ease of any dam of considerable size, the l>est advice that can l>e 
obtained should be secured. Failure to obs<‘rve good enginwring 
practice accoimts for practically all the failures that have ever 
occurred in dams. 

14. Examination of Foundations. — For dams of irniK>rtanee 
it is desirable, whenever possible, to have a careful gtH^logica! 
examination of the foundation conditions. An investigation and 
report by a reputable geologist are ver> much worth while 
in most cases. Such reports should deal with the geological 
characteristics of the rock, its reliability as to l:>earing jwjwer, 
deterioration, etc., as well as the probability of fissures and fault- 
ing, or former upheavals or disturbance. Even slight settlement 
is not permissible in foundations for a masonry dam, except 
possibly for low dams specially designed with that in view. I*<jr 
earth or rock-fill dams, however, slight settlement of the fijunda- 
tion during construction may not be objectionable, provided there 
is no danger of further settlement after the construction is 
finished. But unequal settlement near outlets or spillways, due 
to unequal loading, should be guarded against by special design. 

Where the bearing power is questionable, a field test may Im:* 
made by clearing off a small space and loading it by means of a 
platform or box supported on a base of known area and loade^l 
with sand, pig iron, rails, etc., of known weight- L nfortiinately 
such tests, for practical reasons, are limited to an area of only a 
few square feet at most, and the results are difficult to interpret 
correctly. The completed foundation will affect the stress dis- 
tribution in the soil to greater depths than the test load. If a 
soft, deep-seated stratum exists below the finished foundation, 
considerable settlement may result. For th^ rea«>ns ^^uate 
subsurface explorations dbould be made over the mtire aim 
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The methcKis of subBurfaee exploration are gi\*en in See. 1. They 
may lie chJUHHifiwl an soundings, Imrings, and test pite. 

It is imjM>ssihk^ to state exactly what soil investigations should 
made lM*<*aus<* each east^ is differc‘nt and each should be 
thoroughly invi*stigat<*d. The extent of scjil sampling and testing 
should Im» determintni ffir each case. Sounding rods may be used 
in light shallow soils to locate rock surfaces. In cohesive soils, 
earth augers nuiy 1 m^ used for considerable depths. 

Wmh or well-drilling methods, are employed to deter- 

mine the character of det^p substrata. This method is unreliable 
and fumislii^ unsatisfactory results. It can give no de{>endable 
information wjneeming the structure of the substrata even when 
the so-<*alh^l ‘‘dry sample” method is used. Wa.sh borings, 
fcdlowtMi by core drilling, will usually give fairly accurate informa- 
tion as to the surface of btKirock, provided they are spaced closely 
enough. W ash Ixjrings alone, however, may stop on boulders 
and thus l>e misleading. 

Core drilling should he resorted to for examination of rock 
foundation. The holes should be carried into the rock to a depth 
of 20 ft. or more, and a careful record should be kept of the 
amount of core obtainf*d. A few holes .should be put down to a 
ron.sideral>ly greater <iepth, in order to make sure that there are no 
faults in the foundation Mow the rock .surface. At the Shoshone 
Dam (Wyoming) and also at the Arrowrock Dam (Idaho) some of 
the core drill holes pass^xl through an overhanging shelf of rock, 
where the si<le of the cliff had once been undercut and afterwards 
fillcxl in by the deposition of gravel. The final surface of the 
was found at a greater depth than was at first indicated. 
Had the core drillings been confined to shallow holes, the result 
in these cases would have been misleading. It is not imcommon 
to encoimter immense boulders King on top of the bedrock. 
Here again core drilling to a considerable depth is necessary in 
order to make sure of the foundation conditions. 

Open iesi pits afford the only opportunity to inspect the 
material in place. Even though they are comparatively expen- 
sive, a few of them, at least, are very desirable, especially in the 
tmm of important structures, or where foundation conditions are 
at all questicmable. Recent developments in methods of geo- 
phyaeal proepecting have made it p<^Me to study geologic 
gtruietep«. In mnfar to apply th^e mettiods, Ihe lo^ of near-by 
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or other excavationB should lx? availalde and the 
structures should not be too complex. 

. 15. Preparation of Foundation. — The preparation of the rcM*k 

foundation for a high masonry dam i.s one of the %ital features of 
construction. All loose or soft rock should he carefully eleaniMl 
off and removed, and the surface scrubbed clean with water and 
stiff brooms or wire brushes. This scrubbing sliouki l>e contimsiHl 
until the foundation is absolutely clean, even to the extent of 
sopping up and disposing of the dirty water with six>ng«*s and 



Fio. 3. — Cleaning np bedrock foundation for the Arrowmck, Idaho, daiii. 


buckets (see Fig. 3). The foundation should then be slushed with 
a thin neat cement grout and scrubbed in with brooms, Just in 
advance of the placing of the concrete or m&mnry. This tends to 
take up any loose particles and incorporate them in the masonrv'. 
A layer of rich mortar, say 1:2, an inch or more in thickness, 
should be applied and kept just ahead of the concrete or 
construction. If the dam is of concrete, it is good practice to 
make the first placings in as thick layers as is practicable, say 6 or 
8 ft., so that the of the fre^ ©oncrete wiH help to make m 

good bond with fotmdalaon. 
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Often there are seams of softer material ranning through a 
loiindation of hard ixx*k. Bueh seams should lx? excavated or 
cleaned out to sufficient depth and filled with concrete or grout. 
At die Arrowrcx'k Dam (Idaho) a seam of porphyr^y running 
diagonally aeroas the fixmdation was cut off by a shaft 40 ft. deep, 
sunk dow n the por}>hyry s«?am, and fillixi w ith concrete, W’hich was 
keye<i into the granite on either side of the shaft. 

B'lmting nc?ar nemt lines should Ix' done with great care, so as not 
to disturb or loos€‘n tlie r<xk. Short holes and very light charges 
should lx? iistHl, where such blasting is nece.^sary in trimming up a 
foundation; for the final trimming, the use of bars or picks or 
wxHig€‘s is much to Im preferred. Where heavy excavation is 
ncx?essary in material that requires blasting, this precaution 
should Ix' kept in mind in drilling and shooting the primary holes, 
espt?ciaUy in seann' material where the effect of a blast may be 
felt at some distance from the hole. 

Gmuting of rock foundations for masoniy’^ dam.s is often resorted 
to as a matter of precaution. In fact, it is standard practice in 
the construction of high masonry dams, as at the Arrowrock Dam 
(Idaho), Elephant Butte Dam (New-^ ^lexico), Kensico Dam 
(Xew’ York), and in many of the later dams, such as Boulder, 
(on the C’olorado River on the boundaiw" lines between Nevada 
and Arizona), Grand Coulee (Washington), Shasta (California) 
and others. 

Grouting, in order to l>e effective, should follow a carefully 
prepared plan involving the use of test holes, as the W’^ork pro- 
ceeds, to show w hetber the desired results are being accomplished. 
The grout holes are usually drilled in tw^o or more parallel lines, 
with the test holes between. Each grout hole should be drilled 
and grouted before another hole is drilled, otherwise the grout 
is likely to escape through the open holes, instead of being forced 
into the seams. All holes should be thoroughly w ashed out and 
tested for leakage under w^ater pressure before the work starts. 
Nmt cement grout should be used, unless the seams in the rock 
are open and take the grout very freely- In that ease, some 
»nd may be added until the hole begins to tighten up. Grout 
is uamtmlly mixed in proportions 1 cement and 3 water, to 1 cement 
and 5 wator, depending on the tighten of the holes. The 
id^, €rf TOiirae, w not to tto hole as quickly as po^ble, but 
on Urn cwnteary, to force in as much grout as the foundation will 
take. Wh€«, Ae cf a hefe has starts, tibe fi-ow of 
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grout should be continuous, until it will take no more. Grouting 
machines with two tanks, or a combination of tw’o machinw 
properly connected to the discharge line, are med to accomplish 
this. The grout is driven home by air pressure or water pres- 
sure, depending on the type of machine used. Usually It is hwt 
to begin wdth a low pressure and work up gradually to the maxi- 
mum. The maximum pressure to be used depends on local 
conditions. In rock with horizontal seams care should be taken 
not to lift the rock. It is good practice to bring the grout holes 
up through the first layer of masonry and do the grouting after 
the foimdation is covered. This also tends to grout the joint 
between the dam and its foundation. Grouting as a precau- 
tionary measure is excellent treatment for the foundation of a 
dam of any considerable size, but at best the results are uncertain, 
and w^here the safety of the structure dej>ends on the success 
of the grouting operations, it is better to look elsewhere for a 
foundation. In other words, grouting as a precaution Is to be 
recommended. Where absolutely necessary’ for the safety of a 
proposed dam, it is a doubtful expedient. 

Grouting of sand and gravel has been attempted at various 
times, but no satisfactory method has yet l>een worked out, for 
dam foundations at any rate. In the light of present know’ledge 
it should not be considered for such purpose. What is usually 
accomplished is simply io get a small mass of grouted material 
just at the end of the pipe. The results are of course dependent 
upon the permeability of the soil and the pressure used in the 
grouting process. 

To key the dam into its foundation, it is customary to excavate 
a cutoff trench or keyway across the foundation along the heel 
or upstream face of the dam. The depth of this keyway will 
depend on the character of the rock. It should be at least 3 or 
4 ft. deep in any case and should be continued up the abutments 
and along the full length of the dam. Figure 4 shows high rock 
scalers at work preparing the abutments for Shasta Dam, 
(California), It may be as narrow as is economical to excavate. 
Its sides should be nearly vertical, with, cl^m square cx>mers- 
Wherever practicable, the use of a channeling machine is r©Dom- 
mended. In some cases one or more additional keyways may 
be desirable, in which case they should be parallel to the first 
^and located within the upstream third the dam* If the noch: 




'Hisgjb acmlert mi work preparing atmtments fer Skasta Dana. 
^ ike Bmnmm Eetdam&ii&m, J[>epartmeM 0/ J»terM»r.) 


Ejcporod ffMinclaticia rock, tlie diveraon chtanael, and completed 
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cleaning off the fotindation usually leaves it sufficiently rough, to 
furnish a good t>ond and prevent sliding. Even when the rock 
is clean and wsterwom, it is seldom so smooth and level that 
hiding Is pcMMible mthout actually shearing the masonry or the 
foundation itacdf. 

The foregoing discussion of the preparations for foundations 
fefers particularly to solid rock foundations for masonry dams. 
For the mfier roci:#, shale^ or clay a similar procedure should be 
followed, with such modifications as may be suggested by the 
character of the foundation material or the size or importance 
of the structure. Clay, shale, or rock that might decompose 
rapidly when exposed should not be excavated to neat lines 
w4en the bulk of the excavation Is being removed. It is best to 
excavate such material only to within a few* inches, or perhaps a 
foot or more, of final depth, and then trim to neat lines just ahead 
of the placing of the concrete or the masonry, so that the founda- 
tion may be covered as soon as pcxissible after being exposed. 
Anchoring the dam to its foundation is sometimes resorted to in 
the case of rock with horizontal clay seams, or shale, to guard 
against sliding or the effect of upward pressure. 

The purpose of this is to make the foundation material, for a 
certain depth, an integral part of the dam structure. It is 
usually accomplished by drilling holes, properly spaced, to the 
depth reciuire<i, and grouting in reinforcing bars, w'hich will be 
carried up and tied in to the masonry" in such a manner as to 
tie the dam and the foundation together effectually. Or, if 
protection against sliding only is required, th.ese bars may project 
into the masonry only far enough to act as dowels. Shale and 
clay foundations should not be scrubbed with water or grout, for 
obvious reasons, but should be treated with a layer of rich mortar 
as the maroniy is being placed. In such foundations, too, it is 
iiecessary to go to sufficient depth to ensure against sliding or 
the M>ftening of the foundation by the action of water. Deep 
cutoffs or curtain walls of concrete are also dearable at both 
U|»fermin and downstream faces of the dam. A well-d^gned 
draumi^e system may be required at the downstream toe. 

ilojiM Oft 1^ mfier faundatimm should be protected 
db'WfwteMum by aprons of concrete, rock, or timber, carried to 
to ppcveat any po^Me eroaon that wo>iild 
ei«baew* li!« stewstan- The deagn of a .aiiteJbte apron in such 
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cases is fully as important as the design of the dam itself, xipmm 
should be so designed that the standing wave will always occur 
well back of the apron and should be protected at the down- 
stream end by heavy rock, paving, or riprap. Dischargtw from 
outlets and spillw'ays may be handled in a similar manner. 
Hydraulic jump pools, as used in the Miami Conser\'ancy Dams 
(Ohio), are very satisfactorj- for reducing the velocitms and thus 
preventing scour. For vertical drops, water cushions are effec- 
tive, provided they can be given a depth of 20 to 40 per cent of 
the drop. Even hard rock is not proof against the destructive 
action of falling -water, the w^ater in the seams acting as a wedge 
taking the impact of the falling w’ater and ev'entuaily rupturing 
the rock. A w^ater cushion or a hea\’y concrete apron wdll prevent 
this trouble. 

A cla^ foundation, -which is doubtful as to bearing po-wer, 
may be improved by several of the expedients suggestt^l her(?t<> 
fore, namel 3 % spreading foundation, deeper excavation, use of 
piling, or confining by cutoffs or curtain -w-alls. A soft clay 
may sometimes be greatly improved by driving short piles fairly 
close together. Such piles, how^ever, must be below' permanent 
water level or otherwise protected against rotting, Ixjading 
the foundation outside of the structure proper may also lx? 
successful. At one of the embankments forming the Deer Flat 
reservoir (Idaho), the do-wnstream toe of the embankment was 
extended by means of a hea-vy blanket of gravel, w'hich served the 
purpose of loading the partly saturated clayey material just 
outside the embankment foundation, which otherwise might 
have squeezed out and allowed settlement. This blanket serv-ed 
another useful purpose of pro-viding drainage for any seepage 
that might find its way through the foundation material under 
the embankment. 

Prevention or control of upward pressure in masonry dams Ls a 
subject that has been imder lively discussion for many years. 
Although there is -wide divergence of opinion as to how such pr^ 
sure should be computed, all are agreed that it should not be dis- 
regarded and should be reasonably provided for. As a matter of 
fact, its prevention or control is usually not difficult. In most 
masonry dams it is feasible to construct drainage gafferies lengtli- 
wise of the dam, close to tibe upstream face, and ewMigit 
above the downsi^resemi. -water surface to afford drunageto l&e 



Fia. 6. — The foundation for the Huffman dam, Ohio, cleaned off, and cutoff 

trench excavated, ready for beginning of hydraulic fill. 

stream toe, ail tend to prevent the action of upward pressure. 
Arching the dam in plan, or even building it on only a slight 
curve, will also help to take care of the uplift stresses. Any 
treatment of the foundation that leaves the upstream third 
more impervious than the downstream will be effective in 
r«iueing or preventing upward pressure. But the combination 
of weep hol« and drainage galleries (which will also ser\"e as 
BQSp^tioii galleri,es) is tiie simple and positive method to be used 
whenever practicable. 

and mnd^ or mmd and silt f&undaiions for earth or rock^ 
fiM dmm$ AouM be stripped of all li^t liMuny topsoil, peat, 
vt^getdMe naattw, or other perislmble matter, and roots more 
than an indbi or «o ia diaaietor shouM be gyubbed iMit. Oim or 
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more cut-off trenches, or core trenches, of reasonaljle depth 
should be excavate across the ^'alley and up the abutments, to 
be filled with impervious material. This should t>e done for 
exploration purposes, even if not required to prevent seepage. 
Springs encountered in the foundations should W controllefl by 
diversion or by proper drainage. Bearing power of siu'h founda- 
tions is usually sufficient for earth or rock-fill dams of rc^iisonahle 
height, because of the rcdatively wide l)ase recpiircNi; at any 
rate, slight settlement during the construction of such dams does 
not matter. The importance of the loss of water will determine 
to what e.xtent mc^asures for the prevcmtiori of s«‘page should 
be carried out. Where even slight loss of water is objerdionabie 
from an economic standpoint, the core trencli should 1 m* carricHl 
to rock or imper\’ious material, or, if the depth is to<j great for 
propter handing of a core trench, a concrete sh<;‘et pile or caisson 
cutoff may be substituted. If neither of these is practicable, 
the next best thing is a blanket of impervious material connecting 
with the imper\ious section of the dam and extending for sf)me 
distance upstream. Where it is necessary and when conditions 
permit, foundation materials may be consolidatcxl to pnnide 
increased bearing capacity. Simultaneous explosions of small 
charges of dynamite placed at suitable depths pnnide an effective 
method. 

Even where loss of water is not objectionable. s(Mj)age must 
alw^ays be controlled to the extent that flow through the foun- 
dation material will not have enough velocity to wash out the 
finer particles. Lengthening the line of seepage travel by means 
of cutoffs, or by an impervious upstream blanket, will accomplish 
the result desired. A conservative rule, in ordinary porous sand 
and gravel, is that the ratio of length of travel to head shall \>e 
not less than about 8 or 9:1. It often happens in wide river 
valleys that there is an overburden of impervious material on 
top of the porous sand and gravel. In such cases, the thickness 
of this impervious layer should be determined by means of 
suitable subsurface exploration at various pointe upstream from 
the impervious portion of the dam. The thin spots, if any, 
may then be reinforced by artificial ^ patchy ’ of roiled materiid, 
until the thickn^s of the impervious blanket at any point will 
foe not lem than 3 to 6 ft., depending on the head of water to 
which it will foe mifojected. 
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The foundaiions of tihe five hydraulic fill dams of the 
Ck)nserv&ii€y District (Ohio) were all prepared in this way. 
Hie length of the line of seepage may not be the only considera- 
tion nece«ary to control the amount of seepage under a dam. 
Should sufficient velocity develop, colloidal eroidon may start at 
the point of exit of the seepage water in the lower sections. From 
this, progTfMive piping may result. Harza,^w'ho has studied this 
problem extensively, concludes, ‘‘There seems to be no logical 
basis for expimsing safety against toe flotation in terms of ‘ short 
path^ of seepage or any functions thereof.'^ A method of protec- 
tion against piping is the use of inverted fi[lters at the toe or the 
use of blanket filters as proposed by Casagrande.® Protection 
against scour from discharge of outlets and spillways may be 
secured by means of riprap, paxdng, aprons, water cushions, or 
hydraulic jump pools, as mentioned heretofore. Whenever 
practicable, outlets and spillways should be located on the same 
side of the river, to save expense in protecting against scour. 
Strange to say, this is a detail that Ls sometimes overlooked. 

FoundcUions of gravel and sand for low masonry dams should be 
prepared in the same manner as for earth or rock-fill dams, special 
attention being given to the requirements as to bearing power, 
sliding, and upward pressure. As masonry dams on such foun- 
dations are usually of the overflow type, the design of the 
downstream apron Ls especially important, and too much care 
cannot be taken in protection against scour at that point. All 
that has been said heretofore concerning aprons, paving, riprap, 
etc., should foe called to mind in this connection. Here again the 
best of judgment is required to obtain satisfactory results. 

The use of piling y to meet the requirements as to bearing power, 
is often necessary, and in such cas^ the piling should be designed 
to carry all the load. A sheet pile cutoff at the upstream 
edge of the dam is usually desirable, and at the downstream 
toe a row of round piles driven close together, or of sheet piles 
wi^ opening to permit drainage, will act to retard under- 
cutring in case the apron is not fully effective. The impervious 
upetomm apron is also dearable if practicable. Upward pr^sure 
i^b«iM be .rec^kiMited wirii to an extent dependent on the porority 

*1*. F. Hjuwa, **0piift sad B©ep®ge lUKiMr «a SandL,’’* Trmm. Am. 
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of the foundation material. As a matter of faet, in e&me of thirf 
sort, the preparation of the foundation and the design of the strur- 
ture are so interdependent that it is hardly possible, here, to do 
more than suggest general precautions to l>e ol^rved, 

A word ought to be said about pump sumps. It is important 
that sumps be set low enough, before the final cleaning up of the 
foundation is attempted, so that the water may I:>e kept out of 
the way during that process, and also while the first coiirseis of 
masonry are being laid. Verj^ often the location of a pump sump 
may mean the difference between a good foimdation job and a 
poor one. It is a good paying investment, on any wet foundation 
work, to give special attention to the Iwation of sumps, so that 
the water level in the pit may always under proper control, 
within the limits required. This in turn emphasizes the impor- 
tance of determining the permeability of the foundation materials. 
Due consideration should be given to the rate of pumping in order 
that colloidal erosion or progre.ssive piping dws not occur. 

No two foundations are alike in all respects. Rocks of different 
kinds and of different quality, as wreli as various combinations 
of gravel, sand, clay, and silt, each require siK.‘cial study and 
proper treatment. In some cases two or more entirely different 
materials will be present in the same foundation. An attempt 
has been made to discuss a few typical cases, leaving it to the 
judgment of the engineer to w’ork out the best solution for his 
own particular problem. 

MACHINERY FOUNDATIONS 

16. Kinetic Reactions of Machinery. — Foundations are suIk 
jected to two general classes of loading: static and kinetic. 
A static load is one that does not vary with the time, such, for 
example, as the dead weight of a building or machine. In struc- 
tural design, live loads, such as the w’eight of a train on a bridge, 
the weight of merchandise in a storehouse, or of an assembly of 
people in a building, are also clarified under this head. The 
characteristic feature of static loading is that for a given structure 
tbe load carried by the foundation at any given time is constant 
in magnitude and dilution. Consequently for static loading, 
the Trunin pur|Kwe of the foundation is to provide adequate 
resistance to^ the force ^of .gravity. 
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In designing foundations to carry static loads, two general 
principles are followed: 

1. Froviak>n of sufficient bearing area to prevent permanent settlement 
or deformation of the supports. 

2. Ek|uality in the distribution of pressure. 

The application of these two principles is fully treats in other 
parts of this volume and will not be considered further here. 

In machine r3% the static loads due to the dead freights of the 
machine and its attachments are usually of minor importance 
as compared ttith the kinetic reactions produced by the motion 
of the various moving parts. Each mofring part w’hen accel- 
erated or retarded gives rise* to inertia forces in accordance with 
Kew’ton’s law, 

Force = mass X acceleration 

In general, such forces are periodic and give rise to vibration. 
When there are several moWng parts, these in general set up a 
corresponding numlx‘r of sc^parate vibrations in the machine, 
so that the resultant effect is usually very complex. The problem 
of desigiiing a foundation to take care of the inertia forces set 
free by machinery in motion must therefore l>e solved by entirely" 
different methods from those used in designing foundations for 
static loads. 

The requirements that any particular foundation must satisfy 
depend largely on the kind of machine it is intended to support. 
For example, in macliine tools the principal requirement is 
rigidity, in order to maintain accuracy of operation. Machines 
of this type are therefore usually of rugged construction with 
massive foundations. 

At the opposite extreme are such machines as aircraft, in 
which the motor has practically no foundation so far as its mass 
is concerned. This requires an absolutely different type of 
moimting, the proper design for the support in this case being 
wicli as to minimise dynamically the effects of vibration, so far 
m this is pomble, Mid to absorb the rmdual energy of vibration 
by aomye form of dmaapiiig- 

In designing the foundatkm for eleetribal machinery, and in 
fact for all typ* of modem W^-«p^d m^hinery, the elimination 
erf vibration m mk important factc». This can be partly accom- 
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plished in the machine itself, but there is aiways an appr€*eiatile 
amount of residual vibration that must be taken care of by tlif‘ 
foundation. 

When the kinetic reactions caused by operating a machine do 
not occur with such frequency as to pnxliice vil>ration. tlif\v are 
frequently of such amount and nature as t<# cause excessi^'c slua^k 
and noise, often to such an exttuit as to einlangc^r the building by 
the jar or to produce nerv'ous fatigue in the o|K"ratives by tlie 
noise. A familiar example of this kind of machine is a battery of 
looms in a textile factory. Usually such machines are mounttd 
directly on the floor, the result being that it is necessary to house 
them in specially reinforced buildings and also to reliev’c the 
operatives at frequent intervals. With i>rojK*rly <h*signid 
foundations, it would be possible to relieve such conditions very 
materially. 

The three main principles underlying the design of foundations 
for machinery are, therefore: 

1. To overcome dj’namically the effects of free inertia forc«‘S and r‘onpl#‘H 
by balancing such kinetic reactions within the foundation itself so as to 
cause them wholly or partly to cancel. 

2. To prevent synchronism with adjr»ining niachim*s or structure??, by 
proper location or distribution of loads, by corre<*t prop »rt inning of, strin*- 
tural members, or by insulation. 

3. To absorb residual vibration by means of dampers incorxM (rated in the 
foundation. 

17. Weight Required in Massive Foundations. — The use of 

heavy foundations under machinery is the simplest and most 
primitive means of pro\dding resistance to the kinetic reactions 
arising from the moving parts of the machine. In many cases, as 
for example in marine installations, power plants for aircraft 
or automobiles, and factories located on the up|>er flf>ors of 
buildings, the use of a massive foimdation is out of the question, 
and more scientific means must be resorted to for preventing 
vibration or for damping the effect of unbalanced inertia forces. 
Where a massive foundation can be iLsed, however, it is effective 
as an inertia damper, although never eflficient from tne standpoint 
of power losses and strain on the machine. 

There is no standard practice in deigning heavy foiindatk>ns 
for machinery, and so far as the writer is aware, no general 
method for deigning »©h foundatiems has ever hemk giv«n. 
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Iilach designer is a lam^ to himself and lays out his foundation by 
eye, usually with the simple re<juirement of making it fit in the 
space available. It is evidently unscientific as well as uneco- 
nomical to mount a highly fabricated machine on a foundation 
that is lai^ely gU€«work. The follov^ing method of analysis 
may serve m a baas for determining the weight required in a 
maasive foundation. 

Consider a single-cylinder horizontal engine, say of the Corliss 
type (Fig. 7 ). As in the case of all internal-pressure engines, 
the steam pressure in the cylinder prtaiuces equal and opposite 
forces on the piston and cylinder head. Consequently these 
forces cancel out as regards the machine as a whole, and there- 
fore have no effect on the foundation. The 
moving parts, however, possess mas^ and 
hence inertia and, when accelerated or re- 
tarded, give rise to inertia forces or kinetic 
reactions, in accordance with the fundamental 
la.w force = truxss X acceleration. The result- 
ant of all these inertia forces at any given 
instant is, then, the fn^ force transmitted to the foundation at 
that instant. The^ inertia forc€?s are in general harmonic, or 
approximately so, and therefore i>eriodic; consequently, their 
resultant is also periodic. 

In the present case, in order to express the required relations 
mathematically, let 

IPi = weight of eccentric rotating parts, including erankpin, 
crank cheeks, and crank end of connecting rod. 

IFs = weight of reciprocating parts, including piston head, 
wrist pin, piston rod, cross head, and reciprocating end 
of connecting rod. 

IF* = total weight of engine. 

11^4 = w'eight required in foundation, 

I =* length of connecting rod between centers of pins, 
r = crank radius. 



n speed ^ ea^jne in revolutioiis per minute. 

m « Migular velocity of crank — - 

oil 

Wm waMmam .speed of rerrotutiiMi the rotating, parts have a 
CMMstant entad aee^eaa^on ed amcmiit m*; h^ee tJbw inertia 




Fui. 7. 
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directed radially outward from the center of rotation. 

The maximum acceleration of the rec'iprcKiating part« occurs at 
the ends of the stroke where the direction of motion is revenst'd. 
If the connecting rod were infinitely long, the motion of the 
reciprocating parts would be harmonic, and their maximum 
acceleration would be For a connei‘ting rod of finite* length, 

how’ever, the acceleration depends on the ratio of the length 

of the connecting rod to the crank radius, namely, on ^ 

In this case it is easily shown that at the out end of the stroke the 

acceleration is : ^ 0-0 } w^hereas at the in end of the stroke it 

is roj * • The inertia force due to this acceleration or 

retardation is 



Consequently the maximum kinetic reaction f‘xerted on tin* shaft 
is 



This periodic inertia force is resisted jointly by the inertia of the 
masses to which it is transmitted, including the mass of the 
machine, the mass of the foundation, and the mass of that part 
of the soil or subfoundation which may be assumed to act as a 
unit with it. In other words, the practice of rigidly anchoring a 
machine to a massive foundation is based on the principle of 
using the relatively small accelerations set up in a large maa?, 
namely, foimdation and underpinning, to balance the laige 
accelerations of relatively small ma^es, namely, the moving 
parts of the machine. For this reason the soil on which a founda- 
tion rests usually adds gr^tly to its effectiv«t 0 », for the nna» 
of the ^so^il is alsO' aoo^erated fust' as far m the 
transmitted to it by the femndatkm erleocl^ 
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k denote the ratio of the mass of soil accelerated to the 
maffl of the foundation proi>er, and let a denote the average 
acceleration for the entire maKS sc?t in motion. Then the condi- 
tion for €^<iuilibrium against horizontal translation in the present 
case is 


W, - h W * + A:TF4 

a) 


Wi 





Since the motion of the foundation is periodic with the same 
l>ericxi as the engine, it is a sufficiently close approximation to 
assume that it is harmonic. If the amplitude of this harmonic 
motion is 26, then a = 6co®. Substituting this value, canceling 

out the common b*rm and solving for the required weight of 

foundation iri, we have 

w, = [t;-. + w. (i + i)] - 


The horizontal reaction applied to the bed plate of the engine 
is of course* accompanied by a %'ertieal overturning couple acting 
on tlie foundation in the plane of the motion. In the present 
cas^3, however, the effect of this couple is unimportant in com- 
parison with the lateral motion due to the horizontal reaction. 


L- — In an engine of the Coriiss type assume the follow- 
ing approximate weights and dimensions: 

Weight of rotating parts =* 150 Ib. 

Weight of reciprocating parts = 400 lb. 

Total weight of engine = 12 tons. 

Speed “» 120 rev. per xnin. 

Length of connecting rod = 5 ft. 

Length of stroke = 20 in. 

Find required weight of foundation to limit its lateral motion to 0.005 in. 
in eitber direction from a position of rest. 

la the foregoing formula, I; is an empirical factor, the value of which 
on the nature cf the soil or subfoundation. In the present case 
jifc = 10 as an average value. Substituting the given numerical 
values in the idx>ve formula, the rmult k 

Wa — 55 Ions 

as the mtAmml ipe%ht f«qiixred in tJhe irnwhAamt under the assumed ixmdi- 
'tioM te lixnit ^ SKiAiora to the anacumt ^leafied. 
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18. Design of Beam Supports. — As nientioecMi in Art 16, in 
designing supports for machinery, their dimensions cannot Iw 
determined from the strength requirc*d to siip{K>rt the dimd weight 
of the machine. Evidently the supports must ch-slgnisl p# 
offer adequate resistance to the kinetic reactions dc^^eloiM^tl hy 
the moving parts of the machine, hut this requirement iisiially 
resolves itself into the condition that the supi>orts shall lie so 
designed as to prevent any ixissibility of synchronizing with the 
operating speed of the machine. In other words, foundations 
for machinery cannot he regardefl as safe or efficient unk*ss 
the 3 ' are reasonably free from vibration. 

When a machine is sup|>orted on an elastic franu^work of any 
kind, the motion of the machine in general will prcxluce vibration 
of the support. Every elastic framework, howe\'er, |kis.^\ss<‘s 
a certain definite natural fre- 
quency of \’ibration. When the 
speed of the machine reaches the 
same numerical value as this 
natural frequency of the sup- 
port, the vibrations of the latter 

become excessive. This is the so-called “critical speed” for tlie 
given construction. The existence of vibration in a struct? ire is 
never in itself a sign of weakness. In any structure, vibrations 
are sure to arise whenever its natural frequency synchrijiiizo 
with the frequency of the exciting force, while a weaker structure 
under the same conditions w^ould not \'ibrate to the same extent 
because of lack of sjnnchronism. In designing support^ for 
machinery it is therefore always essential so to proportion them 
as to make certain that the running speed of the machine never 
approaches very closely to the natural frequency of the support. 

To explain the method of dimensioning beams to avoid syn- 
chronism, suppose that a machine of w’eight IF rests at the center 
of a simple beam of length I (Fig. 8). As a first approximation 
neglect the weight of the beam itself in comparison wdth the load. 
Then the maximum deflection d of the beam occurs at the center 
and is of amount 

_ Wl* 

® “ 4BEI 



where B is the modulus of elastieity for tibe mateisd of #ie beam. 
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aod I 18 the Btatic moment of inertia of ite cross section. The 
natural period P of free \nbration of the beam is then 



where g denotes the acceleration due tt> gravity. Inserting in 
this the value of the deflection d, we find 



I^*t n denote the speed of the machine in revolutions per minute. 
Then snnee the period P is expressed in seconds, we have 


n 


m 

P 


Conse<iU€*ntly the lowest critical speed for the machine, i.c., the 
at which the amplitude of vibration will be a maximum is 




E, /, and I being expressed in inch units, IF in pounds weight, 
and n in revolutions per minute. If the actual running speed of 
the machine is likely to approach this value, it w'ill be necessary 
to change the dimensions of the beam. Strengthening the beam 
by increasing ite moment of inertia I raises its natural frequency, 
whereas weakening the beam by decreasing I lowers its natural 
frequency. 

If the operating speed were considerably higher than the 
natural frequency of the beam, there might be little vibration at 
this speed, but in starting and stopping the machine, it "would 
always have to through this critical speed, which might prove 
daii©eroti 8 . It is therefore d^irabie that the operating speed 
Aould Me weU below the lowest critical frequency of the support. 

If it is deami to include the wei^t of the beam in the formula 
for €riti<»l speed, this may be done approximately as follows: 
The load cmirfed by the beam in this cmse is tihe wei^t IF of the 
maeliiiic aad ttie wi^ht mi of the bmm itedi’, where w dmotes its 
wd^t par unit The deflecthm at the i»nter therefore 
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consists of two parts: that due to the concentrated Imd W, 
which is * 

^ _ WP 
ASEI 

and that due to the uniformly distributed load wi, which is 

^ 

^ 384EI 


Therefore, the total deflection at the center is 


d-d, + d. = ^ (tF + I u-z) 

which is the same as for a single concentrated load of amount 
W + HwL Assuming that the natural frequency of vibrations 
of the beam is the same for a single concentrated load as when 
part of the load is uniformly distributed, the formula for critical 
speed becomes in this case 


^critical 


30 / ASEIg 
TT \ (TT -b 


This analysis is only approximate and the fraction is, therefore, 
not exact. A rigorous analysis shows that the proix)rtion of thf^ 
weight of the beam that should be added to W is instead of 
5^8.^ Therefore, the required formula for practical use tex?omes 

^ ^ / ^SE Ig __ I 

X v (TF + (Tr+^Js^’ 


To illustrate how this formula is used, suppose we assume as our 
working condition that the lowest critical frequency for the beam 
shall be ten times as great as the actual speed of the machine or 


r2>eritic«l IOTI 


and determine the size of the beam accordingly. As a first 
approximation neglect the weight of the beam. Then 

^ _ rfw - ^ 

lOn ^ 'y WP 

^ The correct aaalyHis of this problem has b«^ii given by S, Thacwhemko 
in Rnsman. 
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wiience 


I « 


1,690J? 


Using this value of /, the dimensions of the beam may be deter- 
mined and its weight calculated. As a check its critical speed 
may be redetermined, using lU + for the concentrated 

?^tral load. 

The above considerations also indicate that it is desirable to 
distribute the load over the beam nonuniformly, as in general 
this has the effect of raising the critical frequency of the beam. 

19. Design of Column Supports. — When a machine is sup- 
ix>rted on columns, as for example when machmeiy^' is installed on 
the upper floors of a building, it is of course Just as essential as in 
the case of beams that the operating speetl of the machine shall 
not synchronize with the natural frequency of \dbration of the 
columns. 

To explain how synchronism may be avoided in this case, con- 
sider a weight W supjxjrted on a column of length I, and as a first 
assumption neglect the weight of the 
column itself in comparison wath TU 
(Fig. 9). Under the action of a hori- 
zontal force applied to the top of the 
column, it ^ill deflect like a cantilever 
beam. This horizontal force is made 
up of the horizontal compK>nents of the 
kinetic reactions produced by the mo- 
tion of the machine. Denoting the 
horizontal force acting on one column by H, the lateral deflection 
of the upper end of the column w’iil be 






d == 


HD 

ZEI 


where J denotes the moment of inertia of a cross section of the 
column. Therefore d is proportional to iJ, which is a sufficient 
condition that the lateral motion of the column shall be harmonic. 
The fundamental equation for simple harmonic motion is 
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where k denotes the value of the disturbing force at unit distance 
from the position of rest. In the present case, k is the value* of H 
for d = 1; consequently 


k = 


ZEI 

P 


The period of the harmonic motion is 

p 

where m denotes the mass of the body, and the freciueney / is 

f-i-i. lA-± 

^ P 27r\m^%r\WP 

The critical speed for the structure, namely, the operating spet*d 
of the machine,- which synchronizes with the natural freciuency of 
the column, is then 

^ 30 mTg 

noritical — ^ yj 

where E, /, and Z are expressed in inch units and ir in pounds 
weight. 

At first glance it might seem that there is something peculiar 
about this expression, since it implies that the critical frequency 
for a column is the same as for a cantilever beam. The reason 
for this is that, in the general formula for the period of a har- 
monic motion, namely, 



m denotes the mass of the vibrating body, while k denotes the 
unit restoring force, which in this case is the flexural rigidity of 
the column considered as a vertical cantilever beam with its 
lower end fixed. 

In order to make this still clearer, the following alternative 
proof may be given: When the weight W is vibrating laterally 
with a simple harmonic motion, the maximum value of its velocity 
f? is at mid-position and is of amount 


p rw 
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where in the present ease the amplitude r = d. Since the 
motion is harmonic, t.? = * /— • The kinetic energ\^ of W in this 
mid-pcwition Is, therefore, 

K.E. = ’ mv^ = I mr'-u> = i md'- “ = | rf*/ 

This energy should be equilibrated by the resilience of the column, 
«.e., by its internal work of deformation or i>otential energ;^". 
If d is the amplitude of lateral deflection and F is the force 
required to produce this deflection, then since the column deflects 
laterally like a cantilever lx?am fixed at the lower end, we have 


Consequently, the f>otentiaI energ\' stored in the beam at either 
extreme position is 


P,£. 


1 „ , SEDP 


Equating these two expressions, w’e find 


P.K = 


SEId^ 

2 l» 


= K.E. = 


whence, as before, 


SFI 

P 


and, consequently, 


P = 



The effect of including the weight of the column in the cal- 
culations may be determined approximately as follows: Since 
the deflection of a cantilever beam under uniform load is 


d 


wl* 

MI 


wheiie w detmtiw tte imiforiii load per unit of the total 

deflection of such a beam uiider both a wncentrated load IF and 
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a uniform load wl will foe 


It is, therefore, the same as for a single concentrated load of 
amount IF + Assuming that the frequency of the column 

is the same for a single concentrated load as when part of the 
load is uniformly distributed, we have approximately in this case 

30 ZEIf 
l\W 

A rigorous analysis of this problem shows that the fraction of 
the uniform load tcZ, w’hich should be added to the concentrated 
load TF to obtain the true frequency, is ^?i4o instewi of 
Consequently the corrected formula for critical si>eed bec^omea 

= §0 ~zETf ~^r 

— total load in pounds supporttni by one ccjhimn. 

= average weight of column in pounds j>er line?ar inch. 
= length of column in inches. 

= total weight of one column in |>ounds. 

= static moment of inertia of cross section of column in 
inches^. 

= Young's modulus for the material. 

To determine the required size of column so as to avoid s\’n- 
chronism, we may assume its natural frequency to l>e a 

certain multiple of the operating speed n assumed to be known, 
say 

= Idn 

Neglecting the weight of the column as a first approximation, 
we have in this case, 


Weritiml 

where TF 
w 
I 

wl 

I 

E 


whence 


™ X V 

I - 
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The dimensioas of the column may then be determined so as to 
give approximately this value of I. Its weight may then be 
computed and its critical frequency recomputed using W + ^5^40 
ml for the load. 

20. Marine Installations. — The hull of a vessel is a compound 
beam, made up of the sides, decks, and bulkheads as component 
prders. It therefore vibrates in the same manner as a massive 
beam having the same distribution of mass and moment of 
inertia. 

In order that the motion of the engine shall not set up forced 
vibrations in the hull, two conditions must be fulfilled: 

1. llie combitiwi center of gravity of all the mo\'ing masses must always 
remain at rest relative Vn the hull of the vessel. 

2. The algebraic sum of the moments of momentum of the moving 

must 1m* zero at each instant for ever>’ arbitrary center of moments. 

The first condition is taken care of in the design of certain 
types of motons. For example, in a 6- or 12-cylinder gas engine, 

a 

C 
Cb 

Fio. 10. 

like the Liberty motor, the combined center of mass of the 
reciprocating parts is a fixed point; consequently, in this type 
of motor no vibration i.s set up by the motion of the reciprocating 
parts. Both of the forgoing conditions may be satisfied simul- 
taneously for an engine wth not less than four cylinders by apply- 
ing the method of inertia balancing devised by Schlick. 

For an ordinary marine engine with any number of cylinders 
these conditions may be so applied as to mmmii 2 ;e vibration by 
properly locating the engine in the hull. 

Consider first the effect of placing a single-cylinder vertical 
engine at or near tibe center of the ve^el, represented by the 
point B in Mg. 10. Let ABC represent a straight line in the 
ve^I wh«i the engine is at rest. When the engine attains a 
€5«rtain od-^kjal ^?e©d, namely, when its speed becomes the 
mxm m Hie natural frequency of vibration of the hull, strong 
viforatioB® wiM appemr, cauang the line ABC to vibrate between 
Hi© two poeiHoM AgB/h and If Hie speed is 
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increased beyond the critical point, the \’ibrations die away. 
The same phenomenon wiU occur if the engine is placed near the 
ends A or B, i.e., near the bow or stem. However, if placed 
at either of the points lettered N in Fig. 10, which repre^^ent ttie 
nodes of the vibration for this frequency, the \il>ratkms will not 
appear at this speed but may occur at higher spe^Kis, provided 
of course that it is possible for the engine to reach these speeds. 
In other words, the simple form of tdbration shown in Fig. 10. 
corresponds to the fundamental or lowest natural frequency of 
the hull, w^hich is usually the only one that lies within the range 
of engine speeds in the case of steam engines. Any l>eam, 
however, has a vrhole sequence of higher natural frequencies, 
called harmonics of the low^est or fundamental frt^quency, each 
of which possesses its own characteristic form, as well as'a fixed 
number and location of nodes or stationary {x>ints. In high- 
speed motors these harmonics may be the critical frequencies 
to be avoided. 

For a tw'o-cylinder vertical engine W’ith cranks 180 deg. apart, 
the vertical inertia forces cancel, but the opjxjsition of the 
cylinders gives rise to an inertia couple. Consequently, the test 
location for such an engine is at the center or ends of a V€?ssel 
w’here the couple will have the least effect. If placed at a nrxie, 
wdth the cylinders on opposite sides of the node and equidistant 
from it, the couple will have the greatest effect, prcxiucing vilira- 
tions of the first order at the low^est critical speed. As the 
engine is moved away from the node, the effect becomes less 
marked. 

Any system of forces w^hatever can alw^ays be reduced to an 
equivalent system consisting of a single resultant force and a 
single resultant couple. This of course applies equally to the 
inertia forces in a machine. From what precedes, then, it is 
apparent that there are two general rules for avoiding 'vdbrations 
of the first order in marine installations: 

3. For an engine placed at the center of a vessel the resultant vertical 
force must be zero (f.c., the algebraic sum. of the vertical inertia, forces must 
be zero) but for this particular location the reasultant inertia couple haa its 
l(mst effect in producing vibration, 

4- For an engine i^Laced at or near a node, the restiltani fownsyad-aft 
couple mxist be aero, but it is not so important that the reenltaBit erf tfie 
vortical inertia forceS' shall be aero. 
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Consider next a three-cylinder vertical engine, say a triple- 
expanmon steam engine with cranks deg. apart (Fig. 11), 
The imml location of such an engine is aft of the center of the 
ve®el, and therefore near one of the nodes of the fimdamental 
freciuency. Let IFi, Ws, Wz denote the weights of the reciprocat- 
ing parts for the three cylinders, respectively, and let a, hj x 
denote the distances of these three cylinders, respectively, from 
the node (Fig. 11). Let ^ denote the angular displacement of the 



Fjg. 12. Fig. 13. 


crank OA from the inner dead center D (Fig. 12). Then its 
vertical displacement is 


y = r — r cos ^ 

Con«quently its vertical velocity is 



r sm ~ 




t m denotes Ums angular velocity of the shaft, a«iined to be 
constant. F^mt' a Mmiie apjwoxiinate sohi't»ii, n^ect the angu- 
larity of tee rod. Th^ teis eacpreaMm for s will also 
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»3i 

denote the velocity of the reciprocating parte. If M deiiot« 
the mass of these parts, their linear momentum is 

Mv = Mrta sin tp 

Now consider two positions of the crank as indicated in Fig. 13, 
Finding the momentum of each of the three wte of reciprocating 
weights TFi, IFa, Wz, and taking moments about the node we 
obtain from the fourth rule, given above, for these two positions 
the two following relations: 

TFi W 

— rus sin 210° (a + i) + r) ^ ? roi sin 330° (a + x) 

" 9 

+ ru sin 90° (x) = 0 

ro) sin 300° (a + 6 + x) + rw sin 60° (a + x) 

9 9 

4- ~ rw .sin 180® fx) ~ 0 
9 

Canceling the common factor ~ and substituting the values of 

the trigonometric functions, these reduce to the following: 

/ -}' 2 W^{a + 6 + x) - HWzia + x) + W^x - 0 
\-}4 V3 TFi(a + b +x) + H Wz(a + x) = 0 

Further reduction shows that these two equations are equivalent 
to the simple conditions 

Tri(a -h 6 -h x) = Wt(a + x) = IFaX 

For a triple-expansion steam engine we have approximately 

WiiWziWz = 0.71:0.83:1 

Assuming for simplicity that a ^ h, substituting the uumerical 
values of these ratios, and solving for x, we have approximately 

X — da 

If, then, the engine is installed in this location, it will produce a 
miniTYmm of vibration in the huil4 

^ This criterion for locating a triplc-expanskMEi wmiwm €»gii» is due to 
Schlick. 
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In praeticcj engine^! are frequently installed in approximately 
tMs location. Tkis accounts for the fact that some installations 
show very little \'ibration. 

21. Hie AMmoff Foundatioa. — The usual method of support- 
ing machinery consists in anchoring the machine dovni firmly 
to a foundation designe<l to be as rigid and massive as circum- 
stances permit. As already explaiiitni, the effect of massiveness 
in a foundation is to rtniuee the amplitude of motion. How'ever, 
a large mass vibrating mth even a small amplitude absorbs 
energy" that can come only from the machine; consequently, 
this practice rc^sults in considerable power losses. In addition 
to power losses, vil)ration is likely to cause failure of certain 
parts, ov^ing to the fatigue of the material under re^peated stress. 
There are many other undesirable effects, such for instance as the 
disintegration of concrete foundations under heaA’V'' machinery 
such as turbogenerators, producing trouble by allowing the 
machine to settle out of alignment. 

It is a fact of common experience that there are certain critical 
speeds for any machine at which vibration is greatly intensified. 
A partial explanation of this effect and means for avoiding it are 
given in w'hat precedes. The following supplementary explana- 
tion may serve to make the matter clearer. 

Kvery elastic IkkIv, or system of elastic members, if displaced 
from its fK>sition of ecjuilibrium and then released, will oscillate 
alxjut this position with a certain definite frequency depending 
on the distribution of mass and stiffness of the system. Such 
oscillations performed by a body of itself are called natural or 
free oscillations, and their frequency is called the natural fre- 
quency of the system. Free \'ibrations absorb very little power, 
as practically the only energy dissipated is a very slight amoimt 
due to molecular friction. On the other hand, any elastic body 
or system of members may be forced to oscillate wdth any given 
frequency by the action of an external periodic force. Such 
forced vibrations, however, require the expenditure of power, 
Ac amount of power required depending of course on the mass 
and lipdity of the system as well as on the frequency of the 
forced vibration. 

Whenever the frequency of the forc^ vibration happens to be 
ttie same as Ae natural frequency ^c system, we have what is 
oJted ^nohroBMu between ttie two. The result of synchroniaai. 
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is naturally excessive vibration, since the fjower reiiulri'Mil to main- 
tain vibration with the natural fn^quency of the systein is very 
slight; consequently, tlie excess energy rweivwi fnjia the* exfiting 
force is manifested in greater aniplitiuie of motion, <if|en to siirh 
an extent as to produce fracture of wme part. 

The critical speed then is simply that at whic*h s\7Hdiroiilsrii 
occurs between the frequency of the impr<‘SH<*<l force ami 
natural frequency of the system on which it acts, the rcisistafici' 
in this case dropping to a minimum; consequently, the ampli- 
tude of motion shows a corresponding increase* so as to keep their 
product sensibly constant and proportional to the rat«‘ at which 
work is being done on the system. 

In designing foundations for machinery’ it Is usually very impor- 
tant to prevent synchronism lx*! ween the o|x*rating s|K*<*d of the 
machine and the natural frequency of adjacent >tnic*tures or 
machines. Mbration is frequently transiiiittwi through the 
walls, partitions, and floors of a building, and through the s«til 
for long distances, making itself felt unpleasantly and iH^rhajis 
dangerousl 3 ' whenever it extends to any structure that 
chronizes with it. For example, the blades of a tiirliiue rot<jr 
have been found in vibration although the turbine was not 
running, due simpU' to synchronism b<*tween the natural fre- 
quenej^ of the blades and the opt*rating s|x*e«l of aiijaccfiit 
machinery". The function of a foundation sliuuld be tiierefon* 
not onh" to support weight and damp out \'ibration, but also 
to prevent the occurrence of synchronism. 

The Akimoff patented foundation is designer! to accomplish 
all three of these results simultaneously. It consists primarily 
in interposing a three-point support between the machine and the 
foundation proper, one of these supports being rigid and of the 
nature of a universal joint and the other two Ix^ing resilient. 
The three main features of this type of mounting may lx* 
briefly summarized as follows: 

1. Concentrates Loads at Three Definite Points ^rS^faintains 
Alignment — A three-point support localizes the loads transmit te«l 
to the foundation at these three points. This simplifies the 
design of the foundation since when the exact amount and point 
of application of a load are known it is a ample matter to provide 
adequate support. Most of the difficultly in foundation d^lgn 
ar©' due tO' un'Certainty' ns to the distoabiittoo of the load. My 
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making one of the three supports adjustable as to height, this 
provides me^ns for ieveling the machine and maintaining its 
alignment. A three-point support also prevents the occurrence 
of the twisting strains that often occur in certain types of 
machines, such for instance as automotive apparatus. 

2. Permits Damping . — ^The resilient supports may be so 
deigned as to serve as dampers for absorbing the energy^ of 
vibration. The function of dampers and their construction are 



Pkitfbrm frorrBng Plan 
Thrm-peir^ mjp/Krf. 


explained more fully in Art. 22, It may be mentioned in this 
cxinnection, however, that by constructing the resilient supports 
K> as to have a large coefficient of internal friction, the energy 
of vibration may be largely dissipated in the damper itself and 
consequently disappear before it reaches the foundation. This 
is evidently the most effective means of dispc^ing of vibration 
fflnce tl« disturbance is given no chance to extend to adjacent 
sferucturm 

3. ^ptcfeTcmwfii. — ^The prindpie on which the effective- 

umb of tiiw foundation depends con^te not merely in using 
a three-point aipport, but in making oo^ of points rigid 

and Ae oAer two Airtie. The fixed point prevents^ lin^ur 
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motion of the machine in any direction, whereas the dsBticity 
of the resilient supporte leaves it free to rotate veiy- sliglitly 
about any axis through the fixed point. The effect of this is to 
allow the machine three degrees of freedom, of course* within 
ver>- small limits, instead of attempting the im{K>miblc task of 
providing an absolutely rigid anchorage. A means is tlierebv 
pro\dded for controlling the motion of the machine through the 
agency of the resilient supports so as to prevent the p<»^ibility 
of synchronism between the operating sf>eeti of the machine and 
the natural frequency of the foundation or suhstnicture. 

Figure 14 is a sketch of the Akimoff foundation applies! to a 
3,000“kw. turbogenerator mounted on a structural steel frame- 
work. 

22. Foimdation Dampers. — In a machine anchored rigidly to a 
heavy fixed foundation, the mass of the foundation acts as an 
inertia damper to limit the displacement due to vibration, as 
explained in Art 16 . The smaller the ratio of the mass of the 
movdng parts of the machine to the mass of its fixcnl parts, includ- 
ing the foundation anchored to it, so much the less will lx* the 
amplitude of vibration, since the whole question is one of trans- 
ferring the kinetic energy" of vibration to the foundation. From 
w’hat precedes it is also apparent that not only are the size and 
density of the moving parts concerned, but also their position 
relativ^e to one another and to the foundation on which the* 
machine is supported. The ideal procedure in designing founda- 
tions for machinery is then to begin with the machine itself and, 
by proper arrangement and design of the moving parts, cancel 
the free inertia forces so far as possible. The location of the 
machine with respect to the foundation should next be eonsidemi, 
as for instance in the case of marine installations considered in 
Art. 20. The weight and distribution of mass in the foundation 
itself should then be so proportioned relative to the machine as 
to offer the most effectiv^e resistance to the kinetic reactions, that 
are finally transmitted to the foundation. 

In most cases, however, this procedure cannot be followed, as 
the type of machine and the foundation are both fixed by other 
considerations. For instance, in automotive apparatus, the 
motor and its support are designed for compactne^, lightness, 
and appearance; or, when installmg standard machinery on the 
upper fbom of old hulldiiigs, where it m impo^Me tO' huild up a 
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massive louiidatioa, it is necw^rj* to resort to other means for 
disposing of the free kinetic energj’ of vibration, say by trans- 
ferring it to an elastic system where it can be absorbed or damped 
out by interna! frictional resistance. 

A method fre<}uently einployf‘<l for this purpose consists in 
placing the machine on a layer of .s<jme resilient inatc^rial, such as 
cork or felt, callwi an “insulating” layer. This of course is a 
very simple method to apply, but it is only partly effective. 
In fact this should not be called “insulation” since this term by 
i*€»ason <»f its common use in electrical work has come to mean a 
layer that is imfienetrcible by a certain type of wave motion. 
The first fact to obs€*rve is that a resilient layer is effective only in 
pK>jK)rtion to its capacity to absorb work internal or molecu- 
lar friction. As this capacity for any given layer is limited, it 
is capable of absorbing only a certain fraction of the energy of 
vibration, and it is usually not practicable to introduce sufficient 
volume to absorb all of it. Furthermore, this damping layer 
may not 1 m* insi^rted at any arbitrary place for, as shown above, 
the amplitude of vibration depends on the ratio of the mass of the 
moving parts to that of the foundation and fixed parts. Since 
iiisM'rting a msilient layer diminishes the effective mass of the 
foundation, thc*se layers .should therefore l^e placed at such a 
depth that the machine will still be attached to a sufficiently 
heavy foundation maas. Moreover, inserting a resilient layer 
1ms the (»ffect of raising the center of gravity of the machine and 
therefore affects its stability, which must also be taken into 
account in determining the position of such a layer. This leads 
to the principle that when practicable, instead of isolating each 
machine separately, several machines should be built on a com- 
mon support, and this support isolated from its surroundings 
by resilient layers or some form of dami>er as described below. 

In order to be effective as a vibration damper, a resilient layer 
should be lightlj" loadf?d, the allow-able weight per square inch 
depending of course on the nature of the material used for this 
p«rp€»e, as the damping action depends entirely on preserving 
the elasticity of the material and preventing permanent deforma- 
tion. The layer should also be impregnated with sonae preserva- 
tive «> as to make it impervious to water, oE, acids, etc., in 
Older that it may permanently retain ite damping properties. 
The we of a simpte ledOfent layer is Aown in 1%. 15. 
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Naturally, absorption of vibration is not liniiti*!! to entin* 
machines. Absorption dampers may al»> In? applied to .si-parate 
parts such as machine feet, brackets, and other kiniLs of siiii|Mirts. 
As such dampers are intended for s{K*{*iaI pur|K>si‘s, they must I.m? 
constructed in a special manner. Figures 16 and 17 illustnite 
two simple types of dampers for machine feet. These :ir<* so 
designed as not to change the height of the nmchine, ami also to 
act as an anchorage against vertical upward pull as well as 



dow'nward compression. The use cf a metal luaising as sliow n in 
Fig. 17 is important, as it prevents the rt^silit‘^t nuittuial fr<ini 
lateral deformation and thereby increases its 

It is often advisable to use springs in connect i<jii \\ ith absorl>t‘nt 
material. One form of combination damper this t\'{w is 
shown in Fig. 18. The springs in such damjxu-s aljsorh \ «-r>’ 
little energy as their molecular friction is very slight pr«>\ id€*d 
the load does not exceed the elastic limit of the sttnd. llie 
spring, how’ever, does decrease the intensity of vibration siiiei* 
it extends the action of the force over a greater ixTiiKi of time. 
For this reason a combination damper should he list'd in a 
machine subject to shocks. For instance, in an 
automobile, in addition to the \dbration caused 
by the motor, there are also severe road shocks 
to be considered. Therefore, a combination 
damper is desirable in this case since the action 
of the spring serves to relieve shocks as well as 
to reduce the intensity of vibration, while the 
resilient material dissipates the energy’- of vibration in proportion 
to its volume and specific damping properti«. Whenever 
springs are used, however, care should be taken that the speed 
of the machine does not synchronic with the natural frequency 
of the spring, as in this case the eff«t will be exactly the 
reverse of that deganed. 
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SECTION 7 


BMDGE PIERS AFE ABUTMENTS 
GENERAL CONSIDERATIONS 

E Selection of Site. — The selection of the site of a bridge is 
neccijsarily regulated, to a large extent, by the topographic and 
geologic features of the vicinity, as these will influence the 
selection of an econom|c crossing and the general type of con- 
stmetion. The prop«^ location should be subjected to a 
careful and intelligent examination and all local conditions should 
lie appertained and recorded. In the case of highw’-ay bridges, 
adequate traffic surv'eys should be made on all main arteries 
from which traffic to the proposed bridge may flow. ^Maximum 
loading will occur if the bridge is a part of a main traffic route 
or furnishes access to a parallel route. 

2. Survey of Local Conditions. — The profile of the ground 
and also the lx>ttom of the stream should be carefully plotted, 
the rate of stream flow determined, the periods and elevations 
of high and low w'ater as indicated by the records of the past 
appertained, and the area of the w’aterw’ay determined for which 
it is necessary that provision be made. The channel proper 
should be located and, in the case of bridges consisting of two or 
more spans, the location of the channel span should be so fixed 
as to pro\ide minimum otet ruction. 

3. Foundations, Borings, Etc. — Special attention should be 

given to the determination of the character of the natural foun- 
dations on which the sutetmcture vrili rest. When small 
bridge are under consideration, the digging of tet pits usually 
supplim adequate and reliable data. WTiere large and costly 
structure are contemplated, test borings should be made. This 
work requires ©quipment of a class whose po^e^on is usually 
reiki€t«i to inns actually engaged in tes of work, and the 
mewt ecemonaw and mlMactory results mo. usually be obtained 
ly for borings of th® nature. Core torings to any 

'dWred mm MuaJly be ocmfeacted for prices rayagiiig 
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from $1 per foot upward, depending upon the character of the 
soil, the depth to which it m necessary to bore, and wliether the 
site of the boring is on land or water. 

4:. Outside Interests. Effect on Demgn . — Where the prcjpc;x*«Hl 
bridge involves the crossing of a navigable stream, it Is ] 
that the navigation interests be consul Uni, their wishes and 
ascertained. Where the proposed structure is to erom a highway 
or tracks, the desires of the interests whose right of way is erwse«i 
must receive due consideration, and suitable agreement covering 
the rights of each party to the crossing should be formulated. In 
such cases, the general economic considerations that fix the 
location of the substructure units and the su{K*rstruetnr€‘ span 
lengths are frequently modified by the demands of the interests 
controlling the property crossed. Frequently the desire to avoid 
or minimize the obstruction upon such pro|K»rty requires an 
arrangement of piers and abutments that is not the most €h‘o- 
nomical from the standpoint of bridge costs. The angle of 
the crossing is also an element that cannot Ixi negle<'te(i. It is 
probably needless to say that the most economical arrangement 
is a right-angle crossing. WTiere, for any controlling reas<3n, 
this is impossible, the intersection should be made as near a right 
angle as possible. 

In the case of bridges crossing interstate navigable streams, 
the approval of the U.S. War Department must lx? ol)taine<I, 
prior to the beginning of actual construction. Governrnenta} 
regulations covering such instances require that the application 
for War Department permit be made on standard form, accom- 
panied by the plans and supporting documents enumerated in 
the instructions therein printed. The most satisfactory' methtxi 
of conducting negotiations for the issuance of a War Department 
permit is usually by personal conference w'ith the Engineer Officer 
of the War Department in whose district the proposed w'ork lies. 

In many parts of the United States, public regulatory bodies 
of various Idnds exist, exercising statewide or local jurisdiction 
over various phases of bridge construction: the capacity of the 
proposed new structure, its adaptability to the local conditions 
and the traffic which it is to carry, liie waterway provided, 
aesthetic features, etc. In some cas€«, the formal approval of 
such bodieffii is required by law. Under any carciimstenoM, it fe 
a matter of sound policy that th^e bodies be c€»®iil'todL 
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5. Economic Balance of Cost. — WTien all the factora influ- 
encing the character of stmcture to adopted have been fully 
considered, it may Ik? worthy of note, as a statement frequent^" 
repeated, that the most economical type of bridge is that in 
wliich the cost of the piers and aliutrnents, i.c., the substruc- 
ture, approximately equals the cost of the superstructure. This 
general statement, however, is subject to wide variations. The 
ratio tjctween the cost of the sul>8trueture and that of the super- 
structure variiis considerably. The cost of the superstructure, 
exclusive of the floor system, will vary approximatel 3 ' as the 
square of the span. In general, the cost of the substructure is 
constant for a comparatively large range of span. Extremes 
may l>e represented by the profile of the crossing, i.e., its char- 
acteristics may vary l)etween a broad, low crossing or a crossing 
that is narrow and high. A further factor to be considered is 
the anticipatcnJ life of the superstructure and that of the sub- 
structure. In general, it may be assumed that the substruc- 
ture will have an anticipated life at least t^vice that of the 
superstmcture. 

6. Concrete Construction. — ^The discussions in this section 
treat only of concrete con.st ruction, whose economy over stone 
masonry has l>een clearly e-stablished by engineering experience. 
This fact is attributable to the large labor cost involved in the 
latter class of construction, the current scarcity of expert stone 
cutters, and the hnpc^ibility, in many localities, of securing a 
satisfactory^ quality of stone except at prohibitive cost, in which 
transportation is a factor. Concrete as a material of mass 
construction has been in use for such a length of time that its 
nature and composition are matters of common and thorough 
knowledge. The plant and equipment required for such con- 
struction do not necessitate the employment of highly skilled 
labor, and aH material may be readily transported and handled. 
In many instences, sand and stone are secured locally, and, after 
mixing, the concrete may, with proper plant arrangement, be 
pla^d in final pomtion by chutes, or other means, at compara- 
tively snail labor Cost- 

Only maw or monolithic eoncrete, in ©crntradisfanction to 
rMnfinwed wmcrete oonstrueticm, wil be discuwed in detail. 
Tlie external forces actimg on piers and abuteimte for brid,ge 
am wither llie sk^etere Is of tim mono- 
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lithic or reinforced type. A remforcetl pier or abutment nmy be 
considered a framed structure, consisting of columns, lieains, 
slabs, counterforts, etc., ail of which must desigiic^d In accord- 
ance with the principles laid down for framed reinforced concn^te 
construction, and, except as previously mentionc*d for external 
forces, such piers and abutments differ radically from the tyi» 
under consideration. Furthermore, it is desircni to call attention 
to the fact, that, in the case of reinforced concrete construction, 
it is vitall^^ essential that great care l>e taken in the dt:«igii lo 
provide proper drainage and, in addition, thoroughly waterprcMif 
the structure, in order to prevent deterioration of the ndiiforcing 
material. Integral waterproofing will not do this sat is facto rih*, 
and it becomes necessary to resort to membrane wat«‘r{>roofing, 
which must, in turn, be protected. 

7. Bridge Seats. — The tops, i.c., the l)ridg«‘ seats, of piers 
and abutments provide the immcMliate In^aring surface for 
tiie support of the superstructure. The superstructure, espe- 
cially in the case of railroad bridges and, to a somewhat minor 
degree, in the case of highway bridges subject to the mo\-einent 
of hea\^^ trucks or trolley traffic, is sul>ject to vibration, which 
must be absorbed by the supporting masonry. It is esMuitial 
that the bridge seats be composed of a go<Ml quality of concrete, 
certainly not leaner than 1:2:4 mixture. 

8. Protection of Pier Surfaces. — In the case of bridges crossing 
w^aterw^ays, it is necessary to consider especially tliat pirtion of 
the substructure located ‘‘between wind and water," i.c., the 
portion of the masonry surface that lies between extreme high 
and extreme low" water. This surface is subject to injury an<l 
consequent deterioration, owing to impact of objects floating on 
the water, the erosive action of the current, waves, frost, and 
possibly, in the case of salt w^ater, the action of the saline content. 
In regions w’here industrial plants or coal mines abound, this 
danger to the masonry is further increased by the introduction 
of chemical agents, especially sulphuric acid, into the water, 
very small quantities of which will cause comparatively rapid 
deterioration of the concrete. 

It is recommended that, where a leaner mixture is used for the 
bodi^ of piers or abutments, the surfaro for at least an approxi- 
mate thickness of 2 ft., between a fine 2 ft. above ordinary M#i 
water and 2 ft. below -oitlnary low water, be composed erf a 
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concrete not leaner than 1:2:4 mixture, thoroughly spaded, 
and the forms left in place at least 30 days before the concrete 
is exposed. 

In cases where conditions are unusually adverse, the surface 
of the substructure Ijetween a line 2 ft. above ordinaj-^*- high 
wmter and 2 ft. below' ordinaiw' low' water should be formed of 
precast concrete blocks, 1:2:4 mixture, which have set at 
least 30 days l>efore being placed. Mechanical bonds should be 
provided to l>ond the blocks together properly, and to the mono- 
lithic concrete forming the bulk of the masonry'. The joints 
betw etui the blocks should be thoroughly and completely grouted. 
If it is possible to obtain a satisfactory^ grade of stone at reason- 
able cost, stone may l>e substituted for the concrete blocks. 

The use of a stone masonry facing has the advantage of saxdng 
form work and of solving the surface cracking problem. The 
finished pier will present a more pleasing appearance. The stone 
facing should l>e adequately tied by the use of rods to the concrete 
of the pier. 

ORDINARY BRIDGE PIERS 

9. External Forces. — The external forces to w'hich a pier wdll 
be subjeettHl, and to resist which it will be designed, must be 
determined in advance. Some of these forces are susceptible of 
absolute mathematical determination — the source, effect, and 
dis|X>sition of others are matters of engineering judgment and 
experience. In pier construction these forces are 

1. The dead, load of the superstructure. 

2. The live load of traffic passing over the bridge. 

3. The dead load of the pier itself, 

4. Lateral forces, acting in a direction parallel to the center line of the 
pier, a.e., those which act in a transverse direction with respect to the 
longitudinal axis of the bridge. Among these forces may be enumerated 
the wind on traffic passing over the bridge, the wind on the superstructure, 
centrifugal force in the case of a railroad bridge on a eurv^e, force of the 
water current, the force due to large fields of floating ice, and the effect of 
impact of objects floating upon the water surface. 

5. Lon^tudina! forces, acting in a direction transversely to the center 
line of the pier, i.c,, thoae ivhieh act in a direction parallel to the longi- 
tudinal axis of the bridge. In the case of a railroad bridge, it is necessary 
to cOBsiiier the forces that are caused by the stopping and starting of trains. 

TTie impact produced by tJhe live load of traffic pa^btig over 
the brikige can imially, in the case of ■subetructar^,, be neglected. 
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In any event, it will be a small portion of tlie total loaii, €.*vfri 
tbougb the impact effect is not entirely dissipat<*<i in the ,sii|Mf*r- 
strnctiire and substructure !>efore it reaches the foiiniiations. 

Buoyancy should l>e considert*d in the d<:*sign, particuilarly if 
there is an 3 ' possibility of a combination of furc<'*s ’ 4 %'ht*ri*bv th** 
stability of the pier, considering buoyancy, may eoiii|irofiii-«L 
It rarely happens that such is the case, and generally the 
of buo 3 'ancy will be on the side of safety, as such neglwt mill 
increase the calculated loading on the foundation. 

The American Railway Engineering Ass<x*iatk>n Sj>ecificati«iris, 
1940, require that the wind force sliail lx? considertsi as a rno\’iiig 
load acting in any horizontal direction. On the train, it 
be taken at 300 lb. per lin. ft. on one track, applies! 8 ft. 
the top of the rail. On the bridge, it shall lx‘ taken at 30 lb. pt^r 
sq. ft. of the following surfaces: 

1. For girder spans, 1}4 times the vertical projection of the ^pan. 

2. For truss spans, the vertical projection of the span plus any |>*‘rtlori 
of the leeward trusses not shielded by the floor system. 

Centrifugal force, in the case of railroad l>ridges, should U* 
provided for in accordance with the American Railway Engineer- 
ing Association Specifications, 1940, as follows: on eiirv<‘-, the 
centrifugal force (assumed to act 6 ft. above the rail) shall Ix" 
taken equal to a percentage of the live load, acconiing to the 
following table, which is based upon a maximum s|Mxxi of 
100 m.p.h. and a maximum superelevation of 7 in. resulting in a 
maximum centrifugal force of 17.5 ix?r cent for the formula 

C = 0.001 17^“I>, 

where C — the percentage of live load. 

S — speed, miles per hour. 

D = the degree of the cur\"e. 


Degree of 


20' 40' V I 2° 


Percentage |3.90i7.80 11.7ll7.5 17.5ll7.S,i7.5!l7.5|l7,5|i7.517.5:i7.5 

Speed (m.p.h.). 100 100 100 87 71 55 j 50 | 43 I 39 | 32 ; 27 


In the case of highway bridges, it is unnec^Bary to make 
provision for centrifugal for<^. 
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The force due to the water current is assumed to be equal in 
pounds per square foot to P ~ v being the velocity of 

the current in feet |>er second. This is to be used for flat sur- 
faces; for rounded surfaces, use one-half of the above quantity. 

The pressure due to a floating field of ice may, as an extreme, 

taken ec|ual to the crushing strength of ice, which varies from 
300 to 800 lb. per Mp in., 43,200 to 115,200 lb. per sq. ft. It is 
unnecessary" to consider ice as more than 1 ft. thick. 

The longitudinal force on railroad bridges resulting from the 
starting and stopping of trains is required by the specifications 
already quoted to be taken as *Hhe larger of 

1. Force due to braking: 

Fifteen percent of the live load without impact. 

2. Force due to traction: 

Twtmty-five per cent of the weight on the driring wheels, without 
impact."' 

All the foregoing forces should, in each case, be carefully 
det€*rmined, the effect of each calculated, and the resultant 
computed, so that the most sevc^re effect on the foundations may 
l>e obtained. The pier, in any event, should be designed so that 
there is no uplift, as the masonry cannot be anchored in a satis- 
factory" manner to the natural foundation encountered. The 
effcjct of this is that, in the case of rectangular areas, the resultant 
of all possible forces must fall \\'ithin the middle third. These 
forces are ultimately resisted by the natural foundations encoun- 
tered. Spread or stepped footings should be provided w’here 
necessary for their distribution to the underl^yring material, 
and where pile foundations are msed. Adequate provision should 
be made for protection against scour. The stepping should 
preferably be at an angle of dO deg. mth the horizontal — never 
le^ than 45 deg, 

10. location. — ^The pier should be so located with respect to 
the superatmcture that the center of gravity of the superimposed 
load, i.c., the live and dead load of the sui>erstructure, will be 
cotncident with the center line of the pier. 

11* Top Bim^isions. — In pier design, the top dimensions are 
the first to be fixed. These dimensions are determined by the 
charactar, width, fmdl length of the bridge. The width of the 
I»er is «lep«Mi«t uimmi the size €i iJbe bearing plates or sho^ 
up€« whhsh ewpecatruetere remtss and Aould not be l^s 
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than 2 ft. more than the? out-to-out dinw^iiHion of the tearing 
plates or shoes, measured along the longitudinal axis of the 
superstructure. 

The length of the pier should in no cast* l>e than 4 ft. in 
exceas of the extreme width of the .supporteti supi^rwtmrtiire, 
measured from out to out of l>earing plat4*s. The l>c*aring of the 
superstructure on the sul)structure should l>e such that the dead 
and live load of the superstructure does not excised 8IM) lb. fM*r 
sq. in. on granite mas<mr>% GOO Ib. per sq. in. on concrete, or 
400 lb. per sq. in. on sandstone and limestone, as by the 

American Railway Pingineering Ass^>ciation Sf>ecifications, 1940. 

12. Foundation Dimensions. — ^The dimension.s of the foun- 
dations are primarily dependent upon tlie cliaraeter of the und<*r- 
Ijdng material, f.e., the load in tons jK*r square f(JOt which it 
has been determined in advance tliis material will l>e capable 
of supporting, not only safely but without undue settlement. 
For deep piers, dependent upon the character of the soil pene- 
trated, certain reduction.s may be made in the computt*«i net load 
upon the base area. The finst is a weight ecpii valent to tlie dis- 
placed water and soil; the .second is that equal to the skin friction 
acting upon the sides of the pier. 

13. Batter. — The surfaces of the piers should be ljattt*red ^ 2 hi. 
I>er ft. This may, in extraordinary cases, lx* iiicreaseii as 
neces.sary, in order to secure projxr stability. 

14. Pier Ends. — Piers in streams constitute an ol)>t ruction to 
the waterway and increase the liability to sc'Oiir. This buid- 
ency can be materially reduced by due attention to the form of 
pier end, which should, in general, be so shaped as to afford the 
minimum obstruction to the stream flow. Experience and tests 
indicate that, for both the upstream or nose end and the down- 
stream or tail end of piers, the half-round, i.c., semicircular 
shape, affords the minimum obstruction to the waterway con- 
sistent with practical construction. As a second choice, a 45-d^- 
nose and tail are recommended. 

16. Nose Protection.— In localities w’here heav>" ice movement 
occurs, where exceptionally rapid stream flow exists, or where a 
combination of both conditions may be anticipated, it is advisable 
to build a 45-deg. nose, this nose to be protected from a point 
not less than 4 ft. above extreme high water to 4 ft. below extreme 
low water by an an^e iron, with propeiiy dj^gneci boat bolts 
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inserted at mter\^al8 not greater than 2 ft-, these bolts being 
embedded in the concrete, and the angle iron nose protection 
thus held in place. 

16 . General. — The Ixxiy of the pier should be composed of a 
mixture not leaner than l:2}4:o concrete. One-man stones 
may be used in the foundations, if they are thoroughly cleaned, 
completely embedded, and entirely surrounded by concrete. It 
will be found advantageous to use a small amount of reinforcing 
near the surface of the pier as a framework for the attachment of 
wre mesh. This will have the effect of providing a mechanical 
bond in the concrete and reduce the probability of surface 
cracks, due to tem|)erature or other causes. 

The disjKxsition and treatment of piers that support bridges 
crossing public highways, steam, or electric railroad tracks are 
nece»5arily governed by local conditions and the wishes of local 
authorities or other interests ha\ing jurisdiction. It is advisable 
that, where piers are placed between tracks, they be protected 
by a nose or buffer to prevent damage to the structure in the 
event of derailment. 

17. Pier Dimensions. — For piers supporting railroad bridges, 
the following sizes represent good practice ; 

Square End Piers ^ Dimensions taken at undercoping): 

Single-track deck plate girders — 6 X 16 ft. and 8 X 16 ft. 

Double-track dec'k plate girders — 6 X 29 ft. and 8 X 29 ft. 

Single-track through plate girders — 6 X 24 ft. and 8 X 24 ft. 

Double-track through plate girders — 6 X 37 ft. and 8 X 37 ft. 

Bound End Piers (Width at undereoping — length center to center of 
ends at undereoping j : 

Single-track deck plate girders — 6 X 14 ft. and 8 X 14 ft. 

Double-track deck plate girders — 6 X 27 ft. and 8 X 27 ft. 

Single-track through plate girders — 6 X 22 ft. and 8 X 22 ft. 

Dmible-track through plate girders — 6 X 35 ft. and 8 X 35 ft. 

IB- Quantities- — ^The following tables give the quantities for 
square-end and round-end piers, as shown by Figs. 1 and 2, in 
various widths, lengths, and heights, and include quantities for 
6-ft. foundations, as indicated. 

ABUTMENTS 

19. StnuAmnal Mements- — Every abutment is, in .general, 
of thii» distinct stmctiiral elements, namely. 
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Fig. 1. 


Square-exd Piers — Ctrsic Yards of ^VI asonry 
fSee Fig. 1 


Height 

(H) 


Width (,TF) X length {L] 


C X 


6 X 


6 X I 6 X 8 X 8 X 8 X j S 
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1. Tile which directly supports the dead and live loads of the 

luperstructurc and M»rve8 for the retention of the material deposited in 
its rear. 



RouxivENn Piers — Cubic Yards of Masonry 
fSee Fig. 2) 


Hwiglat 

m 



Width CW) 

X leiigth (jL) 



6 X 

; 6 X 

j 6 X 

1 S X 

8 X 

8 X 

i S X 

S X 


H ft. 

i 27 ft. 

22 ft. 

1 35 ft. 

i 14 ft. 

27 ft. 

22 ft. 

35 ft- 

s 

72 

117 

100 

145 

99 

157 

136 

194 

14 

104 

170 

145 

210 

143 

' 227 j 

196 

3S0 

30 

138 

227 

193 

280 

190 

302 

260 

372 

m 

178 

388 

245 

357 

240 

382 

32S 

470 

m 

217 

353 

WO 

437 

293 

458 

! 400 

573 

m 

M0 

413 

WO 

514 

350 

555 

478 

681 

44 

aw 

*m 

424 

815 

411 

850 

580 

798 

m 

358 

577 

422 

712 

474 

748 

i 644 i 

917 


% The iTOgm, whkh are, in reality, cxtensKMis of the breast and furn^ 
mo for the awperstmctnre, but act as retainiiig walls to prevent 

the etkornayeinumt of the matcaml deposated bdbind the ahutiment upon the 
mm or piMgi^peiray m finmt. 



Sec. 7~21| 


BRIDGE PIERS ASD ABUTMENTS 


349 


3. The backwaii, or parapet wall, which b a small retaining wall, pre'vent- 
ing the material in back of the abutment from flowing on i,o the bn'd^ 
seat, that part of the oreiiat which supports the superatnicture. 

20. Breast Abutment. — The simplest form of ahiitmerit i» 

that without wings, composed solely of the breast and bark wall. 
Such ail abutment may lx* likened to a pier, whom* thirkness 
has been increased to resist the lateral thrust of the material in 



Elan 

Fig. 3. — Breast abutment. 


back of it and which has been provided with a suitable toe in 
front, for the purpose of increasing its stability. Some of the 
retmned material flow’s around in front of the abutment (see 
Fig. 3). 

21. T Abutment. — The T abutment is «senti^y a pier, 
reinforced in the rear by a stem, which supports the superimpo^ 
load and whose length is made such that the toe of the slope of 
the retained material is at or b^und the Iront faMs of ^ pter 
(see Fig. 4). 
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22. U Abutment* — This form may be considered a T abut- 
ment, whose stem has lieen divided along the center line of the 
bridge, and the two halves shifted to the ends of the pier; or it 
may l>e coEsiderc‘d a wing abutment, whose wings have been 
folded back parallel to each other and parallel to the longitudinal 
axis of the bridge. The walls in this case are made of sufficient 



Fio. 4. — T abutment. 


length so that the toe of the slope is at or in the rear of the front 
face of the abutment (see Fig. 5), 

23- Abutment, — This is a modified form of the U 

abutment, which is sometimes adopted in the ease of high abut- 
mente. In this form, the wings are made only of sufficient 
length to prevent the retained material from flowing on the 
birid^ seat, but not of mifficient length to prevent it from flowing 
in feont of the al»itin«at (see Fig. 6). 

2#. Wii^ — ^In this type, the tops of the wrings are 

sloped to oaoflnnn tihe natural .i^ope of tl^ retain^ material. 
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and the angle of the wings with resfieet to the normal to Itit- 
longitudinal axis of the bridge made to eon form to the kwal 
conditions. The most economic form is obtained when tin* 
wings are made normal to the longitudinal axis «if ttic* l.iriilg*\ 
The most common form, perhaps, is tlnit in wliieli the angle 
of the w ings to the normal is 30 deg. (sc?e Fig. 7). 



Fia. 5. — U abutment. 


26. General. — Of these forms of abutments, the wing abut- 
ment is the most generally used. The pulpit abutment is used 
to a limited extent, principally at the ends of steel viaducts, 
where fill is made for the approaches and wrhere there is no objec- 
tion to the material flowing in front of the abutment. The 
U abutment finds a limited use. It© use under certain local 
conditions is very satisfactory. This is specially the case 
where good rock foundation is found near the surface of the 
gmund and particularly where the rock slof]ie», in which case the 
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foundation for the wings of a U abutment ean !m‘ rea«iily stepiM^d 
to conform to the natural sIofM* line, thus making a nmteriai 
saving in the quantity of masonr>'. The T abiitriietit was 
widely used, during the early p€‘ri<;H.i <if railroad const ructicMi. 
Since 1880, however, it lias gradually ceasiM.l t<j Im* usi'kI and, at 
present, is rarely, if ever, conKtructcHl. The scjlid stern of the T 
abutment introduces undesirable conditions, {>articy!arly as far 
as the riding of the track in the case of a railroad is concerfitHl. 

26. External Forces. — ^The external forces to which an abut- 
ment will be subjected, and to resist which it will !m* designiNl, 
should be determined in advance. Some of th«*s€! forc«w an? 
susceptible of absolute mathematical determination. The* source, 
effect, and disposition of others is a matter of engineering judg- 
ment and experience. 

In abutment construction, these forces are 

1. The dead load of the sui>orstni<‘tiirc. 

2. The live load of traffic passing over the bridge. 

3. The dead load of the ahiitmont itself. 

4. Tlirust, i.e., the thrust of the material retained l>y the abutment, in 
conjunction, with which must be considered a .surcharge allowains- equiva- 
lent to the effect of the live load on tlu.* fill at the rear of the ahiitment. 

5. The thrusts due to longitudinal traction and braking foreea and to 
w'ind loads. 

27. Retaining Wall Characteristic. — The most troulih?M>mt‘ 
factor in connection with the design of an abutment is the deter- 
mination of the magnitude, direction, and jxiint of application of 
the thrust of the retained material against the abutment. The 
varying character of the material deposited bfdiind ami retained 
by an abutment introduces an element of uncertainty; in addi- 
tion, the change in character of material, due to varying amounte 
of moisture in it, should be considered; that is, it is conceivable 
that, under certain conditions of moisture, the material retained 
will act as a semifluid. On the other hand, good stiff clay, under 
certain conditions, may act as a solid. An attempt to reduce to 
a matter of mathematics the thrust exerted originated with 
<3oulomb, who published the theory that bears his name in 1 784. 
This was followed by Weyrauch, RanMiic, and othera. In 
general, ^1 theories involving mathematical inv«ti^tioii of 
earth pressure upon three po®tula^», namely, _ 
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1. That the Rurfaee of rupture is a plane. 

2. That the application of the lateral thrust occurs at a point one-third 
of the height of the wall from its Ixjttoin, 

3. That this lateral force is exerted in a certain direction, actually 
unknown, but as a factor in mathematical pr<K*esB variously assumed 
Ma MM eaaential hypothesis to the demonstration of the theory. 

The entire theory of earth pressures Ls based, to a certain 
extent, upon the consideration or contemplation of the action of 
a liquid. The rupiefication of the retained material not only 
increases its weight but very materially increases tbe thrust, 
and, in the cast* of a liquid, the thrust is horizontal. Owing to 
these considerations, material in back of abutments should be 
carefully placed and projx'rly drained. A good drainage system 
may be constructed by placing rock fill immediately back of the 
abutment and proper drain pipes at the bottom. 

In the construction of retaining w^alls and in the solution of 
this problem as a part of abutment design, the results of past 
experience should be carefully considered. An abutment the 
thickness of which at any horizontal section is made 0.45 of the 
height from that section to the top of the abutment will give a 
safe structure. 

It should lx‘ Ixjme in mind, in this connection, that sub- 
structures are to be considered as permanent W’orks and that it 
is false economy to use a minimum of material, based upon a 
purely the<^>retical design- In the interest of real economy and 
considering the long anticipated life of such a structure, the 
designer should plan an abutment with a thickness perhaps in 
excess of the theoretical recjuirements, since but a small additional 
first cost will be incurred. Due consideration should also be 
given to load distribution upon the supporting foundation mate- 
rial. Unequal distribution of load may cause differential 
settlement. 

Further, he should ^dsualize aU the conditions surrounding 
the reconstruction of an abutment which has, for any cause, 
fail«d in service, realizing that, in that event, it will be necessary 
to provide temporary supports for the existing superstructure, 
repiove the masonry, and properly reconstruct it. In 

v^w ctf th»e circumstance, it is behaved that a thi^lrn^^gi equal 
to 0.-^ of the he^lit is not excessive. 

28- Dwiensioiis- — ^The iength oi an abutment, f.c., the length 
of tite breast, is ilefceriiiixied by the vridth of the approach road- 
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way to be retained and the width of the bri<lge siifM^r^tnictuir- 
that is to be supported. In no should the Ic^ngth of the 
bridge seat be less than the width of the su|>€‘rstnirtUK% measiirefJ 
over the sole plates or shoes, plus 4 ft. The width of the bridge 
seat is the distance from the face of the hack wall to the iindiT- 
coping line and should l>e not less than 1 ft. h in. more than the 
length of the shoes or sole plates. The front face of the ahutmerit 
should have a batter of not less than ^ ^ hi* I>cr ft., preferably 

1 in. per ft. A plumb face is not desirable and should lx- avoldfd 
wherever possible, although in the case of an alnitnumt the fact* 
of which is coincident with the building line of a strix^t. or under 
other exceptional conditions, its adojUion may Ik* niK*essarv- 

29. Wings. — The width of the wing walls at the top should l>e 
made not less than 2 ft., preferably 2 ft. f) in. The thicknf;‘ss at 
the neat line should be made 0.45 of the height from that line 
to the top. From a practical standpcjint, it is preferable that 
the tops of the wing walls be stepped to conform to tin* >lo|Kf, 
although, in the case of concrete W'alls under di^ciLssion, the 
objection is often advanced that this mvolvc*s an af>jnirent 
attempt to imitate stone masonry’, whereas concrete* r«*adily 
lends itself to the formation of a slo|>ed surface*, (.’ases may 
occur, especially where the face of the abutment ce»iiici<if;*s with 
the building line of a street, or other thoroughfare, in whie*h it is 
desirable that the surface of the wall be .slopeel. It i> to la- iieUCKl, 
in this connection, however, that such a surface is a constant 
invitation to children to use it as a sliding board. This condition, 
has, in some instances, resulted in serious accidents. On 
other hand, a stepped wall is of practical utility in the event 
that it becomes necessary to renew the superstructure, in which 
case a stepped wall affords a very suitable foundation for any 
falsework that may be necessary’. 

30. BackwalL — The backwall should be straight, in ord€*r that 
longitudinal access to the bridge seat may be unobstructed. 
This arrangement is of special utility in cases w’here renewal of 
the superstructure is necessary, in which event the old span may 
be removed and the new one placed without interference with 
the masonry or undue interruption to trafiSc. The width of the 
backwall at the top should not be 1^ than 2 ft,, preferably 

2 ft. 6 in. The thiekne^ of the backwall at the brid^ 
elevation should be made 0.50 of the hei^t from the bridge seat 
to the top. In nO' 'Case should this be lees than the tibidka^ at 
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the top plm 8 in. In railroad bridges, and also highway bridges, 
it will found convenient to place a step on the back at the 
top of the backwall. This step should l>e not less than 8 in. 
wide and 2 ft, 6 in. t^dow the top of the backwall. This arrange- 
ment wdll provide a footing for any temporary structures that 
it may be desiix?d to place in order to .support traflfic before the 
fiH is placed, or if, in future, it should become neceasarj^ to remove 
the fill (see Fig. 8). 



31. Toe. — A properly designed toe should be used in front 
of the abutment breast and in front of the wing w^alls. It is, 
I)erhaps, nc^edless to state that, in any event, the resultant of all 
forces at the foundation must fall within the middle third, 
otherwise uplift will be produced, and, since masoniw" cannot be 
anchored to the natural foundation encountered, masonry will 
be wasted. A good toe will, to a large extent, remedy this 
condition. 

32. Dimensions. — The following dimensions for depth of 
foundation and offset for toe have been extensively used, and 
found to give satisfactory results (see Fig. 8) : 


top of j fQj. i i>eptib. of foundations 

almteent to neat Inoe | I 


rtow 


4"6" 

m. r to 25" 

3^ 

4"6" 



re" 

m.r-bo^ 
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Where rock foundation is a%'ailable, the toe may oniittecl. 
For abutments less than 20 ft. in height, the to€* may l>e nwMlified, 
if conditions Justify. Abutments over 40 ft. in height should W 
the subject of special investigation. When* rcM'k is than 
4 ft. from the neat line, a 12-in. offstd should l>e usiHi, and a !2-in, 
offset introduced for each additional 4 ft. of foundation. TIm* 
tops of all piles .should project at least 1 ft., preferably 1 ft. *1 In., 
into the bottom foundations. 

33. Coping. — The following practice is recomnieodeci with 
respect to the depth of coping on concrete abutments and piers ; 


He^lit of abutment or pier Depth of coping 


Up to 26 ft. . . . 24 in. 

25 to 35 ft 25 in. 

35 to 50 ft 23 in. 

50 ft. and over ^ 


For heights up to 35 ft. use 4-m. projection; for heights in excess 
of 35 ft., use G-in. projection. 

34. Quantities. — The following table.s give the volumes of 
wing abutments in cubic yard.s, as .showui by Jigs. 9 and 10, aiel 
should be used in conjunction with the accompanying si 



36. HoUow and Arch Abutments.— This type is extanpUfied by 
abutments in which arch openings are placed in the breast 
or the stem, in order to economise in the quantity of masoo^. 
Hollow abutments are also of the cellular type. Hollow or celln- 



Abittment Quaktitibb 

18' 6" Width of Fill. Volumes in Cubic Yards. One Abutment with Back-wall Exclusive of Foundation and Wings 



For akewed abutments, multiply respective quantities by secant of skew angle. Abutments above heavy line hav'e a base greater than 0.45^f. 




Abutment Quantities 

31' 6" Width of Fill. Volumes in Cubic Yards. One Abutment with Back-wall Exclusive of Foundation and WingH 


Sec, 7-35] 


BRn: 



For »kew®d abuttnenla, multiply rwpwtivp quantltira by wfwn 8k«'w aiigli*, Abutiupnt* nbwVB hmvy litti hav# a bin# g 
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Abutmient Foundations 
Volumes in Cu. A^d. 


»« j To® 
H, 
ft. 


„ , * Founda- 

Foanaa~ i 
. .. tion per 

tlOB 6 ft. , 


CEam- 

fesr*. 


»ddi- 


QU ANTITIES IN OnE WiNG 

Volumes in Cu. Yd. 

Base at Neat Line = 0.45 
Slope of top 1 on 1 

Straight wings 


10 

12 

14 

16 

18 


ft. 

is. 

ft. 

in. 

of i 

erf depth 

— 








breast' 

pear ft 
of breast 

Hu, 

Neat 

Founda- 

Founda- 
tion ad- 







ft.' 

con- 

tion 6 ft. 


1 

6 

0 

6 

1 44 

0.25 


Crete 

deep 

per ft. 

2 

0 

1 

0 

1.74 

0 30 





2 

0 

1 

0 

1.94 

0.33 

6 

1.7 

4.3 

0.8 

2 

6 

1 

6 

2 23 

0.38 

8 

4.1 

8.0 

1.4 

2 

6 

1 

6 

2.43 

0.42 

10 

7.7 

12.7 

2.2 

2 

6 

1 

6 

2.63 

0 45 

12 

12.7 

19.1 

3.3 

3 

0 

2 

0 

2.91 

0 50 

14 

19.2 

25.3 

4.3 

3 

0 

2 

0 

3.11 

0.53 

16 

27.4 

33.6 

5.8 

4 

0 

3 

0 

3.44 

0.60 

18 

37.6 

41.2 

7.0 

4 

0 

3 

0 

3.64 

0 64 

20 

60 0 

49.4 

8.4 

4 

0 

3 

0 

3.84 

0.67 

22 

64.6 

60.2 

10.4 

4 

6 

3 

0 

4 15 

0.72 

24 

81,9 

70.0 

12.1 

4 

6 

3 

0 

4 35 

0.76 

26 

101.8 

84.5 

15.1 

4 

6 

3 

0 

4.55 

0.70 

28 

124.7 

95.8 

17.0 

4 

6 

3 

0 

4.75 

0.82 

30 

150.7 

107.6 

19.1 

4 

6 

3 

0 

4.95 

0.86 

32 

180.1 

124.7 

22.0 

8 

0 

3 

0 

5.26 

0.91 

34 

213.0 

138. 0 

24.3 

& 

0 

3 

0 

5.46 

6.94 

36 

249.7 

152.0 

26.7 

8 

0 

3 

0 

6.66 

0.97 

38 

290.3 

166.6 

29.2 

5 

0 

3 

0 

5.86 

1.01 

40 

335.0 

187.7 

32.8 

! & 

0 

3 

0 

) 6.06 

1.04 

42 

384.1 

203.8 

35.6 

i 








44 

487.7 

220.6 

38.5 

chaxafer 

in tiiis oolsean. 

46 

496.1 

237.9 

41.4 







48 

5^.4 

255.7 

44.5 
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274.2 
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For wings* re^ 
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la.r a'biitni0nt8 should tw? so design tni as to withstand the pre^wure 
of the fill in the rear, together wth the siiperim|K>fted load, 



Fig. 12. — Buried abutment. 



Type 

Fig. 13. — Reinforced ooncfreie abtitments. 


including the relieving preseure cauBed by m%j jSM that may 
be placed in front of the abutment. 

Abutments of this characte:' are iadicatacl by F%. 11. 
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36. Buried Abutments. — This term applies to abutments that 
are of sufficient dimensions to support the superstructure and 
prevent the fill from encroaching on the bridge seat. They 
are not provided with wings to retain the filling material, and 
the fill is permitted to flow’ around the abutment. Such abut- 
ments are of varied detail in construction and may be plain, arch 
or cellular. 

A representative type of this abutment is showm in Fig. 12. 

37. Reinforced Concrete Abutments. — The distinguishing 
characteristic of this type consists in the fact that the stability 
as a whole is not dependent primarily on gravity action, as is 
the case in the ordinary abutment, but is due to the weight of 
the filling material. Such abutments are of the buttress or 


Fia. 14. — Reinforced concrete arch abutment. 

counterfort type, in w’hich the earth thrust is resisted by counter- 
forts or buttresses. 

A typical abutment of this character appears in Fig. 13, and 
a typical arch abutment in Fig. 14- 

BASCULE BRIDGE PIERS 

38. Counterweight Pits in General. — The piers and abutments 
of bascule bridge do not differ materially from those for station- 
ary bridge, unless the tail ends of the bascule girders, or the 
counterw’eight, or both, go below’ the water line for any angle of 
opening of the bridge, in w’hich case it becomes necessary to pro- 
\dde a watertight “counterweight pit'' or “tail pit." Some 
eaiiy examples of bascule bridges (Langebro, Copenliagen, Den- 
mark — now replaced by a modem bridge — and Honig Bridge, 
Koenigstmrg, Germany) dispensed with the use of pits by employ- 
ing oounterwo^te which were suspended from the tail ends 
of the iMweule gntlers by means of iwis or chains and which were 
at all times submerged in water. Such an arrangement should, 
however, be ccmwiered only for tonpoirMy or semipermanent 
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structures owing to the rapid deterioration of the c*ciiiiit4;*rwtfiglit 
suspensions and the danger arising from ice coiiditIcmH, etc*. 

Counterweight juts are, as a rule, recjuired only when tlii! 
distance from high water to the bridge is reladviyiy small 

and when the counterweight is lx4ow the flrxjr. The KrilpfM*ls 
Bridge at Copenhagen, built in 1909, and tlie B. 4c 0,<M\ E.R/s 
bascule bridge over the South Branch of tlte Chicago River an*, 
however, examples of bascule bridgt‘s with o\erhead counter- 
weights in which tail pits are required. 

Counterweight pits are also used for certain ty}>es of lift 
bridges, as in the Brockport lift bridge built over the Xew^ York 
Barge Canal and the Pretoria Avenue Bridge over the Rideau 
Canal at Ottawa, Ontario, built in 1918. Hollow piers of 
similar construction are u.sed for many Euro{x*an swing bridges 
in which the lower end of the center pivot forms the plunger in a 
hydraulic c^dinder while the pit affords the ne<:*essary rtM>m for 
the hydraulic machinery and the accumulators by means of 
which the swing span is lifted Ixjdily before it is swung. 

Counterweight pits are considered by many as lx‘ing ex{M*nsi\’e, 
as requiring much attention, and as involving an element of risk. 
The City of Chicago has built 20 to 25 double-leaf bridges (a total 
of some 50 pits) and has had little or no troutee in k(‘eping the 
pits dry and clean. Counterweight pits are often the means of 
developing a structure of attractive appearance and one that is 
an asset to the community where otherwise an overhead counter- 
weight bridge would be the only alternative, which wduhi Ix^ an 
e^^esore and would be out of harmony with the present-day 
demand for civic beauty. 

In such a case the advantages and disadvantages should tx* 
given careful consideration. The cost of a counterweight pit is 
not excessive when cofferdams must be used for the foundation 
construction in any event. When the subsoil is bad, the cost 
of the pit may be of less importance than the cost of the subpiers. 

The matter of keeping the pit clean, f.e., free from dirt and 
refuse, is largely a matter of so designing the superstructure that 
the dirt from the roadway will not be dumped into the pit 'when 
the bridge is raised, and this condition is fulfilled in most modem 
bascule bridges of the trunnion type. 

To keep the pit dry under ordinary csonditioiis it is nece^^ry 
to have unyielding supports, to ^ve proper TOBsdeimtaoii in the 
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d^ign to tbe hydrostatic pressure, and to provide for the neces- 
sary' waterproofing. These problems have been solved and in 
each individual case are certain of a satisfactory solution at the 
hands of an expcrienc<>d bascule bridge engineer. 

To guard against accidents, such as the ramming of the pit by 
a boat out of control, the pit should }>e guarded by protection 
piling or fenders, as require<l for the protection of the piers of all 



Fig. 15. — Tower Bridge, London, built 1892. 


movaWe bridges. As an important part of such protection, 
clusters of an effective number of piles are recommended. 
Beside, it is good practice to make the front wall of the pit of 
Mimewhat larger dimensions than required merely to sustain 
computed loads, this being, under ordinary conditions, the only 
part of the pit that is liable to be struck by a vessel. 

^ and Sizes erf Counterweight Pits. — ^To illustrate the 

fcy|s« of constructiem used, ccmnterwm^t pits may be clasmfied, 
in e^«ral, m Wlows: 
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1 , The pit is in the nature of a recess or chamlw^r in a largi* iri2i*44vr pier. 
{Example . — Tower Bridge, Ixindon, built 1B92. See Fig. la » 

2. The pit conaiate of four concrete walla t>f approxiriiatoly the 

thickness — except as noted for the front wall — and a rnrirrete ail 

resting directly on hardpan or rock. (Example. — Fhcx-nlx Bridffe, built 



Fig. 16. — General design of Jefferson Avenue and Fort St- Bridge, Detroit; 
also the railroad bridge for the Detroit, Toledo & fronton R. R. over the Short 
Cut Canal at Detroit. 


over the New York State Barge Canal, see Fig- 17, also 35th Street Bridge, 
Chicago, built in 1914.) 

3- The pit consists of a heavy reinforced concrete box r«ting on sub- 
piers, the walls being designed to carry and transmit the supenstnieturr 
loads to the subpiers. {Example . — Jefferson Avenue Bridge, flNetroit^ 
and the railroad bridge for the Detroit, Totedo A Inonton R,R. over the 
Short Cut Canal at Detroit, see Figs. 16 and 18). 

1 Jefferson Avenue and Fort Street Brk%e over the Hiver Rotige buMt in 
1922 for Wayne Co. Road Ck^mmi»sioi3^r», CWksago Raecule BriclBe Co., 
Engin^rs. 
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Kac'h of the two pitii fur the dou})k‘-deck Miehigaii Avenue or the Boule- 
vard link Bridge in (’hieagh^ face Fig. 22) haa the following inside dimen- 



EJeva+ion 


Fiu. IS. — General design of Jefferson Avenue and Fort St. Bridge, Detroit; 
also the railroad bridge for the Detroit, Toledo & fronton R. R. over the Short 
Cut Canal at Detroit. 



aioM: width m ft.; tength (paraUel with center line of bridge) 52 ft.; depth 
34 ft. 5 in. below water line. 


^ Michi^ Avenue Bkidge over Odcago River, built in 19^ for the 
Boiirci Local Iinprovesaents,, City <rf -Chicago, Hugh E. Yohng, Engineer 
Bridge !>«%» 
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4. The pit consists of a relatively lip;ht reiiiforceil ronrrete Imiie, »««- 
pended between two rectangular piers, which niay t»f* fmmfhxi on rtM-k, mi 
piles, or on subpiers and which carry the su|M?rwt met lire IwIm, while no 
loads w'hatever are carried by tlu‘ pit with the exception of its own weight 
and the outside hydrostatic pressure. iKmmph. — Erie Strwt Bridge, 
Chicago.^ See Fig. 19, » 


frrhrrnaf rcick 



Section A-A Sec+ion B-B 

Fig. 20. — Bascule Bridge over Young’s Bay. Astoria. <.>regon, built 


Top of raacfivay 


■ 



L 



n 


.... 

J^fyeeen cyl/nders 1 


Cy/mefer £./evaTion 

fau/kfcrflon 

Fig. 21. — Old Knippels Bridge at Copenhagen, built 18b9 itiow removed). 


5. The pit consists of a light reinforced concrete 1k>x suspeinlcsl on large 
corner piers carried down to a subfoundation. (Example . — Bascule Bridge 
over Young’s Bay, Astoria, Oregon, built in 1920. See Fig. i 

6. The pit consists of a sheet-metal or cast-iron Im>x iuspendoi lw'tw«?en 
two piers. (Example. — Old Knippels Bridge at Copenhagen, built in 
1869, and now torn down. See Fig. 21.) 

40. Clearances. — In laying out a counterweight pit the ques- 
tion of clearances should, be given careful consideration from the 

1 Erie Street Bridge over North Branch Chioico Eivei^ hwit It 10 fm 
City of Chicago, Alexander von Babo, Ehigw®«: &ridca T 
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KtArt. The clearance l>etween the counterweight in any position 
and the pit walls should never be less than 6 in. ; a clearance of 
12 in. is to l>e preferred. 

In case the bridge is to l>e erected in the open position, sufficient 
clearance should also l>e provided for riveting up the field con- 
nections in the tail tuids of the bascule trusses and in the counter- 
weight box€*s. In large and important structures it is sometimes 
re<iuire^ that there lx? sufficient clearance to enable a man to save 
hmisc?If if the britlge siiould l>e set in motion while he is dowm in 
the pit for one purpose or another. 

In general, ample clearance is desirable, (1) because it facili- 
tate* the erection and the placing of the countervv'eight material, 



22. ~ Cofferdam of the B<iulevard Link Bridge in Chicago. 


(2) because? it will allow* for a slight change in the location of the 
pit necessitated by a mov*ement of the cofferdam w^ork, and (3) 
because it permits a future increase in the size of the counter- 
weight. Such an increase in the size of the counterw'eight may 
be necessary in order to compensate for a hea\der bridge floor 
that may be demanded by an increase in the traffic requirements 
during the life of the bridge. 

4J.. Watertightciess. — The design of a counterweight pit 
presents no particular difficulties once the governing loading 
coiiditions have been established, but in addition to having 
sufficient strength the pit must also be wratertight. This requires 
not only special provisions for w^aterproofing but also that the 
pit walte be so digued as to have suffi'Cient rigidity to support 
and protect the watariaoofimg material properiy ajrd to preclude 
cracks. 
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This consideration may, in many cases, determine the thirknf*ss 
of the pit walls rather than the consideration of sirt^ngth to n'^wiKt 
computed loads. In no case should the thickiu*sH of a reinforccMi 
concrete pit wall be less than 12 in. cv€ui for a small and sliallow 
pit. 

Wnen the concrete itself cannot l>e relied ujxio (or watertight- 
ness, waterproofing method.s as given in Bee. 6, Art. 3 to 6, may 
be applied. However, the use of the membraru* methoii is not 
favored in this work where the pressure is from without the 
structure. Excellent results have bc^fn ol)tained hy the usi^ of a 
continuous layer of cement mortar, varying in thic^kness frtun 4 
to 6 in., depending upon the size of the pit and tlie pressure. 
This is shown in Fig. 16. 

42. Loading Conditions. 

42a. Pit Proper. — The criti(?ai loading conditions 
depend on the type of the pit and must isi established by a 
careful consideration of all the contributing factors. The 
maximum stress in any one part of the pit will result from the 
proper combination of the following loads : 

1. Superimposed loads due to bridge elos<?<l, no livi* It tail . 

2. Superimposed loads due to bridge closed, full live load. 

3. Superimposed loads due to bridge oixm, no wind. 

4. Superimposed loads due to bridge opc?n, maxiniuin wind pressure. 

5. Dead load of pit itself. 

6. Water pressure from outside, pit empty. 

7. Water pressure from inside and no water pressure from outside 

Loads 1 and 3 will, as a rule, be identical, but in certain rolling 
and other patented bridges there is a horizontal translation of the 
superstructure load as the bridge opens and closer, and the 
critical position of this load should be investigated. Also a 
certain impact should be added to this load, varying l^Uween 0 
and 50 per cent, depending on the general arrangement and, par- 
ticularly, on the smoothness with which the movement takes 
place. 

In determining loads 2, it will, as a rule, be permisisible to dis- 
regaj*d impact and to figure only a fraction of the full live load 
varying, say, from 50 per cent for a large and wide highway hiidge 
to 80 per cent for a single-track railroad hiidge. 

The loads under 6 are 'easily deteiiniiieci,, except the upwaurd 
hydrostatic preswire on ti» bottom M a fat of type 2 where orfy 
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a direct examination of the underlying rock can decide whether it 
is necessary to consider full, reduced, or no hydrostatic pressure. 

The loads under 7 obtain only while the pit is being tested for 
watertight ness with the cofferdam still in place. For this con- 
dition it is customary to use unit stress€?s 25 to 50 per cent in 
c'xcess of those usckI otherwise. 

In addition to the foregoing loads, which can easily- be estab- 
lished, the pit should lx* .strong enough to resist wave action, ice 
thrust, and the impact from a boat drifting against the pit after 
having demolished the pier protection. The.se forces do not lend 



Fia. 23. — Completed counterweight pit, Franklin-Orleans Street Bridge, 

Chicago, 111. 


themselves to accurate calculations and are generallj^ pro\dded for 
by arbitrarily increasing the thickness of the pit walls where this 
seems advisable, and particularly by increasing the mass of the 
channel pier or the front wall of the pit. 

4i^. Foundations. — In the design of the pile founda- 
tions or Bubpiers for counterweight pits the same loads as already 
enumerated are to be taken into account. But for this part 
of tlMj structure it is common practice to disregard live load 
imiwbct and to reduce the percentage of the live lo.ad stiff further, 
exf»pt when the <i»d load of the superstructure and pit combmed 
is ^Doal oompeued wi#i the live load. 
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When subpiers are used, four such piers will generally suffice*. 
When the pit is unusually large, however, the ruimiM-r slioiild Im* 
increased, each pit of the Michigan Avenue Bridge, r«demMl 
to above, for instance, being founded on 9 circular piers \'ar>iiig 
from l}/i to 12 ft. in diameter. 

An increase in the number of subpiers may aiscji Im? 
where utilities, tunnels, or other obstructions interf<*r«* with the 
regular spacing of the subpiers. In the pit for the Franklin- 
Orleans Bridge,^ shown in Fig. 23, two additional suhpiers, €«.ch 
5 ft. in diameter, were placed under the houset foundations. 

The subpiers are generall}” circular and vary in si»» from 6 to 
14 ft. in diameter, but in a series of bascule bridges coiistnict^Nl 
over the River Rouge at Detroit it was found necessitry to use 
12 X 12~ft. square subpiers, these piers lx‘ing sunk by th«! 
pneumatic process and through very bad Ixittom. 

43. Unit Stresses. — The unit stresses employ in the df^sign 
of counterweight pits should conform with standani practice. 

44. Materials. — The material most commonly used and, 
under ordinary conditions, most suitable for count erwtdght pit-t 
is reinforced concrete in rather heavy sections and s<i reinforced 
as to preclude cracks. A veneer of cut stone is sometimes used 
and is very desirable in salt water. In many Chicago and 
Detroit bridges a distinction is made Ixdween the |)it |)rojM‘r, 
which is built entirely of concrete and externis onh* a few fe«4 
above the water line, and the enclosure walls built on top of the 
pit and extending up to the bridge floor. These* walls an* of 
stone masonry — either granite or limestone — with brick l>ackiiig. 
In this manner, utility, economy, and appearance are duly s€*rved. 

Steel or cast-iron boxes and suspended reinforced concrete pits 
with thin walls have been used but are not considered standard 
practice. The pit is a part of the substructure and should !>e 
designed so as to possess the same degree of iM?rmanence, without 
maintenance, as is requisite in the foundations for any permanent 
structure. 

44a. Concrete Mixtulre. — ^The concrete should be a 
1:3:5 mixture or, when the walls are rather thin, a 1:2:4 mixture 
to which should be added about 10 lb. of hydrated lime for each 
ba^ (94 lb.) of cement. 

1 Franklin-Oleans over the River, htiilt in IWO fwr thm 

City of Chi^cag^', Hugh. E, Young, E^gnaieer BridlEe 
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46. Ccmstmctiaa, — Construction methods vary greatly with 
the siwj and the design of the pit and with local conditions. 
Only a few points of special interest and importance will be 
mentioned. 

Wlien piles are used in the foundation, they are generall^^ 
driven before the cofferdams. The cofferdam is then built and 
m the water is pumped out, bracing is put in, and the piles are 
cut off as necessary to give room for the bracing. 

When Hubpiera are used and conditions are favorable for 
building them in open wells, as in Chicago, the cofferdams are 
as a rule completed and pumped out before the wells are sunk, 
while the reverse is found more convenient when the subpiers 
are sunk by the pneumatic process, as at Detroit. 

The particular difficulties that are met with in the construction 
of a counterweight pit arise from the boxlike shape of the struc- 
ture, from the necessity for watertightness, and from the fact 
that the dimensions of the cofferdam are generally large and 
require heavy cofferdam bracing, which must at all times be 
supporteii without interfering with the placing of the concrete 
bottom and walls. To overcome this difficulty the following 
procedure was carried out in many of the Chicago bridges. 

Four to six piles were driven on the longitudinal or transverse center line 
of the pit for the lEfupport of the cofferdam bracing. 

The bottom of the pit was placed in two layers, separated by a 4- to €-in. 
Layer of cement mortar. 

While the bottom layer was being placed, the piles were surrounded, 
where they pan^ through the floor, by a wooden box, shaped as a truncated 
pyramid. 

When the concrete had the pile was cut off 3 or 4 ft. above the con- 
crete and supported on a horizontal timber, which, in turn, was supported 
on two blocks resting on the concrete. 

The pile stump was then cut off, the box removed, and the hole filled with 
concrete — ^the tapered form of the concrete plug ensuring tightness under 
ocrteide water pit^ire. 

mortar layer wm then deposited and the upper half of the floor slab 
was placed — ^the blocks or stub posts supporting the pile being ^iroiinded 
by wooden boxes as before. 

Whoa the concrete in the second layer had set, the blocking was drifted, 
the wnodfea boxes removed, and the holes filled with concrete. 

It mmf be advisabte to do mich wca-k in three operatio-ns instead cff in two 
m that the tweaks in the bot'totn layw, the mortar laTper, 'mid the top layer 
wotiM mm m to the otoo', .but experieaiee does net seem to 

iznSmto Hat mmammey. 
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Watertight work is essential and to this end concreting ■.lionM p 
as rapidly as possible. Each layer of the flfMsr should !>€*■ pIjmmmI in one 
operation and no more than 3 hr. should elapse* Iwtween the piaring of two 
batches coming in contact with each other. 

The walls from the pit floor to the water line should W built in one 
continuous operation except for such short interruptions as may be n«‘»ain.' 
in order to allow for the removal and refraraing of the cofferdam bracing. 

Particular attention should l>e paid to the joint l>etweei! the flcKir and the 
walls. Tlie joint should be trenche<i. The Iwittom rfirifon*<*meriit Mhotihl tie 
bent and continued well up into the wall and, tiefore the conrr ting of the 
w’alls is begun, the surface of the joint should be roughened, cleafi»wl of 
scum, laitance, and foreign material and then wetted down and aluslied 
with neat Portland cement. 

The waterproofing course of cement mortar in the pit b#»ttom stjMMild be 
placed in one continuous operation. The waterproofing <*oiirse in the walk 
should be carried up wdth the concrete and this is conveniently done hy 
means of forms consisting of steel plates, about 12 in. wide, to which are 
riveted vertical angles that bear against the inside of the outside wall of 
the wooden forms. The thickness of the layer, 4 or 6 in., will determine the 
size of the angles to be used. These steel forms are easily pullfd up a» 
concreting progresses and are held in place hy the pr<*ssure of the* concrete, 
which is deposited so as always to be slightly ah<*ad of the mortar layer. 

46. Testing. — Before the cofferdam is removal, the pit may he 
tested for watertightness by filling the space l>etw(*t*n the coffer- 
dam and the pit with water after the concrete in the pit has had 
sufficient time to set. 

If leaks appear, the water should again be pumfDed out and 
the leaks — if necessary — traced to the outside of the pit by 
filling the pit with water. After the leaks have tK*en carefully 
sealed, the pit should be pumped out and the cofferdam 
again flooded. These operations should be rt*peat<?d until a 
satisfactory job is obtained. In practice, however, the pit is 
generally found to be tight from the beginning and with profier 
design, proper materials, and proper construction methods, it is 
now possible to ensure a watertight job without the necessity 
of repeated tests. 


CYLINBER AND PIVOT PTERS 

47. Hollow and Cylinder Piers.““This type of pier deerea«« 
the volume of concrete but increases the form work neci^^^jy. 
Care should be taken that ^Kjd high-strength concrete is umA 
that it is well reinforced. Bocauw: of the 'ffe^roaoecl wiagjit 
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Of concrete, more vibration may result- These piers are a com- 
promise between the soii<l ami the cylinder 

Cylinder piers are formetl of two or more cylindrical columns, 
usually consisting of a steel shell filled with concrete. These 

cylinders should }ye projxu-ly strutted and tied together to 
a pier unit, and to ;>rovide the necessary lateral stability. This 
braced structure is essentially a rigid frame and should }ye 

anahm^d as such. ^ . 

48 Pivot Piers. — This designation is used for piers supporting 
the center of a .swing drawbridge. The horizontal section of 
such a pier Is usually circular, of .sufficient diameter properly 
to support and anchor the rack used in turning the bridge and, 
in the case of a rim-bearing bridge, the track. This requires a 
large diameter and in a solid pier would result in a very heavy 
structure. To reduce the weight, pivot piers are often built 
hollow and covered with a reinforced concrete slab. Pivot piers 
are sometime.s made octagonal in horizontal cross section. 

Incidentally, it may be .stated that, in the case of a draw span, 
both the pivot pier and the end piers or abutments should be 
protected by timber fenders, to prevent damage to the sub- 
structure by water-borne traffic. 
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APPLICATION OF THE LAW RELATIVE TO THE 
ENGINEER 

1. General. — This chapter is designed to md fortli brifdly a 
few of the legal principles that relate to the engiriwr in the fiidd 
of excavation, underpinning, and subsurface (‘cjnstnic-tiun. 

Only a few engineers are employed with any regularity as 
expert legal witnesses; a few more come in conta(‘t with thi^ law 
as specialists only a few times in their lives; whilt» the gmit 
majority never have any direct employment as sin-riali'C- in 
litigation. To the last class this chapter is devoted. The 
attempt will be, with little regard for a detailed development of 
the law as such, to set forth the particular fiel<ls of the law that 
the engineer meets most often in his professional life in tliat 
highly specialized field of excavation, foundations, and uinier- 
pinning work. 

An engineer who has a working knowledge of the law in its 
application to this field of engineering will save money for hims^df, 
the contractor, or the owner by avoiding the loss of time im|>osed 
upon him (1) by an injunction proceeding restraining an illegal 
building activity, or (2) by reason of a judgment in a court of 
civil jurisdiction because of an illegal activity or wrongful act. 
A few paragraphs found later in this section will develop in greater 
detail injunctions and civil liability resulting in judgments. 

Another branch of the law, namely, criminal lave, will not 
be treated here except to state broadly and in the nature of a 
platitude that an engineer will not render himstdf criminally 
responsible except where he violates a Federal or state ptmai 
statute, or a local ordinance prohibiting him from the doing of a 
specified act, or where his conduct in his work is so reckless and 
heedless that it evinces a complete and total disregard of human 
rights. 

Law is divided intO' two classes t subManiiM and <idjcci»e, 
or procedttral. The latter field do^ not eoncern the layman, as 

375 • 



376 FOUNDATIONS, ABJ'TMENTB AND FOOTINGS [Sec. 8~2 


it is the braiicli of law that deals with the relevaney of testimony 
and the rules and regulations governing the !x?ginning, eontinu- 
anee, and finishing of a cause of action. 

We are concerned with sul^tantive law, and then with only a 
few of its many suMi\dsions. 

Sutetantive law comes to us in two forms: 

1. Ojmmon law, from antiquity. 

2. Statute law, derived by legishiti\'e enactment. 

2- Coimn®ii Law. 

2a. The comnum law of the United States and of 
the states of the union is a heritage from England which through 
the years from the time of the Norman Conquest to colonial days 
Imd developed a great foody of laws for the guidance of the 
English j>eople and the eolonicjs. These laws were established 
in England and were transplanted here foy the colonial judges, 
who ow'ed their appointment to the crowTi and to the colonial 
governors. These judgt*s and governors promulgated the same 
jurisprudence in this country' that had foeen established in the 
mother countin'. After our indep>endence the previously estab- 
lished law of the colonies remained in most part the same and 
became the law for later states of the union. 

26. Common law’ at its inception w'as predicated 
upon no previously written rules or regulations, but rather upon 
the custom and usage of the people in their acts and conduct 
toward one another. Whether or not an individual deviated 
from the usually accepted habit and custom and injured another 
to Ms damage and rendered himself liable became a question 
that the English judges and a jury would decide. Eventually, 
a decision was written, wrMch concerned a breach of duty or a 
negligent act and w’hich became the norm for cases with similar 
facts. Thousands of decisions were handed dowm involving all 
branches of human conduct and man*s legal relationship with 
iBJta. These decisions became the established law of the land 
and the guiding agn for the future. Occasionally injustices 
seemed to exist in a few cases, but usually the decisioxis were 
foundeci u|m» gocKi judgment, reason, and inherent justice. This 
doctri» of accepting and foEowing previously establishai 
dedwoiw hecittne known in the law as the doctrine of siare 
mw ^'^the written doc»on remMns/' Later, whm it was 
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deemed advisable and when natural justiee recfuircd an abff>ga- 
tion of the common law, this was aci'oinplisli^'d by Icgislativi:* 
enactment known as statutory legislation. That subject mil 
be treated in subsequent paragraphs. 

2c. Common law' is the law in 47 states and in the 
United States. The one exception is IjiiUiKiana, which w’&s 
colonized by the French and h^ the Xaiwih^onii* Code. How- 
ever, one must rememl>er that upon apf-mii to tht* higln^st court 
in one state, similar facts in the highest court of another state 
might be interpreted differently. As a result tlien* soiiietirnes 
exists a conflict in the law of these states. 

2d. The common law Ls the law <jf the land except 
w'here it has been necessary to abrogate or abridgi* it to 
changed social conditions, w'hen, without a change, irijusticf.*s 
and inequities w-ould result from its application. The af>ridg- 
ment or abrogation of the common law is <lesigTUit#*«i as statute 
law. Such law’s are created by the legislative Inxlies of tin* state 
or nation, when new’ rights, duties, and liabilitif^s an* eoncf‘rnt*<l. 
Later, some of these statutes are st^t forth briefly as they relate 
to the engineer engaged in excavation, uiuh'rpiiiiiing, and siils- 
surface construction 'work. 

3. The Common Law of Lateral and Subjacent Support. 

3a. As a fundamental princi|)lc, an owner of land 
is entitled to have his land remain in its natural >tatc. Tin? 
ow'ner of an adjoining piece of realty who excavat<*s his own land 
or digs a tunnel under it, thereby disturlang his neigh! K»r*s 
land and causing it to fall, slide aw’ay, or cave in, is r<s^|.>onsil>}e 
in money damages for the injury’ caused. This rule of law applies^ 
to the land at the surface or below’ it. This princifile applies 
regardless of the fact that the adjoining owmer exen isesi the 
highest degree of care in the excavation of his own land. It is 
only necessary to prove that the adjoining property owner did 
an act that resulted in the subsidence of his neighl>or's land. 

3fo. Ho'wever, the engineer or contractor engaged in 
foundation work should carefully examine the topography, Mill, 
etc., and, having done so, should provide such artificial sup- 
port or shoHrig to preclude the sul»denee of tlie adjcmniiig 
land. 

3®. The doctrine of lateral and of subjacent support 
does not extend so far as to give liae to a muse of action for 
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damages, where the excavator in excavating his own land causes 
a neighbor^ house or buildings to fall away. In this event it is 
necessary to establish the fact of negligence — that the one w'ho 
caused the injury did something he should not have done or failed 
to do something he should have done. 

3d. In a minority of the states and in England it is 
the rule of law that if a landovrner withdraws the lateral support 
of his land, causing a failing away of the abutting owner^s land 
and building, there is liability for the falling away not onl^^ of 
the land but also of the buildings if the land would have fallen 
away without the buildings. 

36. Where a landowner withdraws the lateral sup- 
port from a strewed or road, thereby causing a caving in of the road, 
he is liable in damages for the injury caused. 

3/. Where an abutting owner in the excavating of 
his land withdraws percolating water from his neighbor's land, 
which removal rc^sults in a sinking of the land, there is no liability 
imiK>sed upon him. 

Zg. Ho w’ever, w’here one excavates or drains his land, 
thereby causing w’et sand, loam, or silt to run off his neighbor's 
land, and resulting in a sinking of that land, there is a liability 
imposed. 

4. Independent Contractor. 

4a. A contractor or owmer is liable for his own negli- 
gence and the negligence of his employees and servants. 

4b. A contractor ordinarily is not liable for his sub- 
contractor's negligence unless the general contractor exercises 
dominion or control over the actual doing of the work. Like- 
wise, an owmer is not responsible for his contractor's negligence 
unless the owmer exercises dominion or control over his contractor. 

Exception 1: Power to hire and fire the subcontractor's employ<^s- 

Exceptiott 2: General contractor directing a subcontractor or his employees 
in the manner or method of doing the work. 

4c. How^ever, a general contractor is not liable for 
his subrontractor's negligence if he exercises only a general power 
of superviaon, seeing that the work is done according to plan or 
specification. A similar relation^iip between an owner and Ms 
contractor exists. 

4cl. However, an owner responsible in certain 
'ca^, as well as the 'contractor: 
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1. Where the work done is illegal or constitutes a nuisance. 

2. Where the work being done is in its nature inherently dangerous. 

6. Duty to Employ a Competent Contractor. 

5a. Courts hold, and deci.sioiis indicate, that it is 
the duty of an owner to use reasonable care to employ a compe- 
tent contractor to do the work if the owner is to avoid liability 
for a contractor’s negligence. 

6. injunctions. 

ба. Courts will grant an injunction restraining an 
owner, contractor, or subcontractor from doing illegal acts that 
are repetitious. This is to avoid a multiplicity of lawsuits, or a 
recurrence of an injury where there is no adequate remedy at 
law for money damages. 

бб. An injunction proceeding stops a wrongdoer in 
his tracks and is resorted to on behalf of the aggrieved party 
where money damages could not compensate him adequately 
for the anticipated injury. 

6c. Very often an injunction would serve no useful 
purpose — as where the wrong has been done and the damage has 
occurred, and it is obvious that it will not recur. 

Qd. The courts will grant injunctions where an 
irreparable injury is threatened, although the damages would be 
slight and be compensated for in mone^^. 

6e. Injunctions are also granted in cases im olving 
blasting where the work is being done without the safeguards 
employed by prudent and careful men. 

7. Blasting. 

7a. The results of blasting operations are usually 
divided into two classes. 

1. Where the blasting operation causes a direct invasion of a person or 
property. Example . — Where flying stone or debris strikes a pera>n or 
property and causes injury to either. A cause of action lies against the 
person who caused the blasting operation. Negligence is presumed against 
the blaster by the very fact that a person was struck by flying stone. 

2. Where the blasting operation causes an indirect injury- Example . — 
Concussion caused by the blasting, which results in damage to a building. 
In this case, in order to permit a recovery against the one causing the 
blasting, the injured must show that the blaster was negligent in per- 
forming the blasting operation; that is, the blaster failed to do »me act 
which an ordinarily prudent man would have done under the same 
circumstances. 
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8. Statutory Legislation, 

8a. In this day, with great areas of congested 
territory' necessitating skyscrapers, a few states and many 
municipalities iiave enacted legislation in the form of statutes, 
building codes, and ordinances tliat permit the availability of 
all of a maids land for building purposes but require him to use 
certain safeguards and precautionary measures. These ordi- 
nances and building cmies can u.sualiy lye secured by anyone 
from the department of a city having jurisdiction of the subject 
matter, free or at a small cost. These departments are known 
by many names: De}>artment of Plants and Structures, Depart- 
ment of Public Works, Bureau of Water Supply, Board of Plan- 
ning and Construction, etc. 

86. An engineer, particularly a young engineer, 
should spend a few hours talking with a qualified engineer 
in the municipal employ under whose siij^ervision his operations 
come, and he will l>e given many valuable tips respecting the 
lequirements of an ordinance, or building code, and its application. 

8c. A failure on the part of an owner, engineer, or 
contractor to observe a building code or ordinance is usually 
sufficient evidence of negligence in the doing of the work to 
pc*rmit a recovery for the damages caused to an adjoining owner’s 
building. In any event it is evidence of neglect that would be 
a question for a jury’s determination and possibly result in a 
judgment of liabilit\'; or if not, in costly litigation. 

9. Ordinance Requiring Notice, 

9a. Alany municipalities require an owner of real 
property, Ix^fore starting building operations, to notify adjoining 
property owners that it is his intention to excavate below the 
surface of the c^arth. Each municipality having this ordinance 
has ^tablished the depth of excavation necessary before notice 
is given; the depth varies, usually starting with a depth of 8 ft. 
This notice enables an adjoining property owmer to take the 
nec^sary precautions to shore up his structure, 

96. A failure to observ’-e this notice is sufficient 
grounds to estab&h a piima-facie case of negligence against the 
wrongdoer and to permit the adjoining proi>erty owner to recover 
for the dMEii^ra <»iw©d to his structure. 

Sc. Ih® notice is aiso^ in order to permit 

the excavator to receive a license or permit to go on the property 
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of another, in order to take the necessary safeguards enabling 
him to do his excavating in a competent and careful manner, 

%d. Raismg Level. — An owner who raises the level 
of his land must provide reasonable protection to prevent 
damage to adjoining land. 

9c. Encroachments, — An owner whose propc^rty 
encroaches on that of another may be required by court order 
to remove such encroachments. There is no natural right 
to the support for land by underground water. 

9/. Light and Air. — In this country there is no right 
to receive light and air over the land of another. The rule is 
to the contrary in England. Such a right may be acquired by 
an express grant. Pollution of air may give rise to a right for 
damages as a nuisance clause of the sic utere theory rather than 
as an interference with light and air. 

9g. Trees. — Trees belong to the land on which they 
stand. Trees actually on the boundary line are owned jointly. 

9/i. Water. — ^An owner of land has the exclusive 
right to the use and enjoyment of standing water and to water 
that percolates beneath the surface. 

A riparian owner who owns land adjacent to flowing water, 
either on or below the surface, has a right only to the use of such 
water consistent with the similar rights of other riparian owners. 
To constitute a stream so that riparian rights may l>e acquired 
there must be a regular flow of water in a well-defined manner. 

The setting back of 'water by a lower owner to the land of an 
upper owner is an unreasonable use. 

9z. Highways, Street and Alleys. — The ownership 
of roads and highways in this country is usually in the adjoining 
landowner. Streets and alleys dedicated to the public use are 
usually the property of the municipality. This is true in most of 
the Western states. In the older states of the East the public 
easement theory is more generally followed. Local statutes and 
rules should be consulted. 

10. Conclusion. — An engineer should know that, although 
everyone is charged with a knowledge of the whole of the law, the 
legal system has become so intricate that the services of a spe- 
cialist, one trained in the law, are necessary for the safeguarding 
of the interests of those whose rights are threatened or who have 
interfered with the rights of others. 
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CHARACTERISTICS OF SOILS 


1- General. — Soil is the unconsolidated mantle covering base* rock. It 
is the result of the disintegration and decomposition of rock. 

Soil deposits are divided into two general types: residual and transported. 
Residual deposits are those which overlie the basf.‘ rock from whicli they 
were formed. Transported soils are composed of rock fragments and debris 
that have been redeposited by the action of water, wind, or glacial lee. In 
the transportation process, fragments of many kinds of rock are mixed. 
Hence a heterogeneous mixture with respect to particle si 2 es and chemical 
composition results. 

Each of the transporting agents will produce deposit.s that are char- 
acteristic although there is some overlapping. The alluvial deposit 
produced by sedimentation from water as the velocity is reduced exhibits 
the effect of the sorting action of the water. Material is therefore placed 
in various sizes corresponding to the decreasing velocity of the transjxjrting 
water. Flood plains, deltas, alluvial fans, and lake deposits are examples. 
Aeolian or wind deposits are all characterized by the uniformity of the 
particle size. Sand dunes, adobe, and loess deposits are typical. Glacial 
action, in general, is responsible for the great deposits, known as glacial 
drift or glacial till and characterized by the heterogeneous mixtures of 
debris and rock fragments of all sizes, of which moraines are examples. 
Water formed by the melting of the ice and flowing either within the glacier 
or away from it forms deposits that exhibit characteristics similar to the 
alluvial deposits. Eskers and alluvial fans are examples. 

Residual deposits, those formed in place, may be characterized by gravels, 
sands, or clays depending upon the composition of the parent rock and the 
degree of disintegration, or they may be formed by the decay of organic 
matter and rock fragments. Peat and muck deposits formed in old ponds 
and lakes are examples. 

Weathering action continues to act upon the deposit of parent mate- 
rial” and as a consequence both the physical and chemical characteristics 
continually change. Ranges of temperature change, quantity of rainfall, 
quantity and rate of decomposition of organic matter affect the disintegra- 
tion and decomposition so that typical deposits result within regions where 
definite sets of conditions predominate. 

The soil mass or body as encountered in natural deposits consists of a 
mixture of mineral and organic matter together with solutions, water, and 
air. The mineral content of the deposit exists in varkius stag^ of decom- 
p<«tion, depending upon the ressstani^ of the primary rock minerals to 
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the direet and revereitle aetion of the chemical agents of oxidation, solution, 
hydration, and carbonation. These reactions are fiirthc^r complicated by 
the formation of colloids, which in turn bring surface phenomena into 
action and under certain conditions promote base exchange. Except for 
truly organic deposits, such as peat hogs and muck soils, the amount of 
organic matter found in soils is relatively low. In general it is of impor- 
tance only as it enters or affects the chemical processes. 

A %’'ast amount of data relative to the character of the great soil deposits 
has been gathered and studied for agricultural piir|K>ses. These data may 
be shomm on a soil profile. 

SL Sk>il Profiles. — A soil profile is a vertical section through a soil deposit. 
Dependent upon the action of weathering agents and the time of their 
operation, a soil profile will show layers or strata that exhibit certain 
definite characteristics. \’ertical sections having like characteristics are 
termed “horizons.*' Soil profiles are generally divided into four horizons, 
designated by the letters A, B, C, and D. Variations wuthin each are 
designated by numerical subscripts. Horizons may or may not be definitely 
defined. 

ITie A horizon extends from the surface to a depth that may vary from a 
few inches to several feet. This section is highly leached. The upper por- 
tions may contain large quantities of organic matter and humus. Soluble 
material and the fine particles have been carried downward by the per- 
colating water. In mature soils, a coarse-textured soil results in this horizon. 

The B horizon is a zone of deposition. ^laterials carried by the per- 
colating water accumulate and may become cemented in varying degrees. 
I>epen(ient upon prc‘ssure, the percentage of clay particles, and materials 
possessing cementing properties, these deposits result in clay pan when 
compressed and in hardpan when fully cemented. 

The C horizon consists of unweathered parent materials such as rock frag- 
ments, residual, or transported soil, which may extend to considerable 
depth. 

The D horizon designates rock or other impervious materials which 
underlie the materials of horizon C and which differ in character. 

Soil profiles, originally used by the agronomist, usually made use of only 
the A imd B horizons. The horizons C and D have been added to aid in the 
consideration of the engineering problems of soil mapping and classification. 

la uadmiiMd, arid regions and perpetually frozen areas soil profiles are 
not normally dcveloped. 

For details of the soil-forming proce^ and geologic classification refer- 
ence is made to the many excellent texts on geology'. 

S. <3bar»cteristlcs and Properties. — ^Tbe characteristics of a soil are 
ejqpiTMsed in descriptive terms that are intendewi to reflect the origin, history, 
aiMi ptewtat condition of the deposit. These qualities are suflScient to aid 
in a goneral claMlieatioii but of necestity cover wide ranges. To define the 
varmtkm iwwe do^y within these ran^s the term “psroperti^” has been 
intfodmeed* The **f3fO|>«irties"' of a soil may foe esrpressed in jAysical or in 
chwnical term® and are intaaded as a guide to evaluate its use better for a 
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particular purpose. The terms used for }>oth classification and properties 
are obviously mterrelated; therefore, a certain aJiiount of overlapping and 
repetition is to be expected in their use. 

In foundation engineering the ultimate interest in any soil deposit m its 
probable behavior under load. The manner in which the soil ImkIj resists 
the external forces determines its value as an tmgineering material for that 
purpose. In general, soils are studied for texture and striictim?. Soil 
properties are used to study one or both of these general characteristic's, in 
order to evaluate the soil as an engineering material for a particular u-se. 
Two distinct types of texture and structure result in the two main classic of 
soils: granular and cohesive. Gravels and sands are examples of the first 
and clays represent the second. Within the classes %'arious dt'scriptive terms 
have come into use and have, in general, developed in a designatitm of typcfs. 
In the hope of more clearly and definitely fixing the sc‘ 0 {>ci or range of the 
type with respect to its behaxior under load or for other engineering pur- 
poses, certain terms and factors to study the properties were intrcxiiiced. 
Unfortunately neither the designation of man\' of the terms nor th<*ir defi- 
nitions have been standardized. Some of the important terms and definitions 
used to designate characteristics and properties together with dest-riplive 
names applied to soil types as related to texture and structure are given 
here. These may be considered tentative and approximate at this time. 

4. Texture. — The texture of a soil is a descriptive term relating to the 
particle size of a given soil. The range of particle size may vary from the 
fine particles of clay to a coarse gravel. Dependent upon the percentages 
of coarse or fine grains present, soils are classified according to texture a.s 
gravels, sands, clays. The comparatively coarse or sandy materials are 
termed 'Tight-textured” soils, while the extremely line-grainefi, such as 
clays, are termed “hea\’y-textured.” 

Texture is determined by mechanical analysis, which consists of sifting a 
given sample through a set of sieves that separate tlie particles into groups 
of definite maximum and minimum sizes. Subsieve sizes are separated by 
wet analysis, which is based upon the time of settlement. One metiiod is 
that introduced by Professor Bouyoucos of the ^Michigan Agricultural 
College in 1926. 

The data from mechanical analysis are represented by plotting the per- 
centage retained against the particle size on semilogarithmic paper. Grad- 
ing, or distribution of particle size, the range of particle size, the effective 
diameter, specific area, and other pertinent information in comparing soil 
samples may be obtained from this graph. Ideal grading will produce 
smooth curves; conversely, the lack of certain sizes will produce char- 
acteristic skews in the grading curve. Grading is as»>ciated with density, 
which in turn affects other impKudant soil factors. Ewntially, textural 
grading curves are the same as the well-known grading curves introdu«»d 
by Puller for studying concrete aggregate mixtures. 

The Bureau of Chemistry and Soils, U.S. Department of Agriculture, 
introduced the following ranges of particie si 2 » in millimeters to mrrmpmtd 
to the d^criptive munes. 
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Fine gravel. . . 
Coarawe sand . . . 
Medium sand. 

Fine sand 

Very fine sand 

Silt 

Clay 


Millimeters 
2.0 -1.0 
1.0 -0.3 
0.5 -0.25 
0,25 -0.10 
0.10 -0.05 
0.05 -^.005 
Below 0.005 


A triaxial textural chart, developed by A. C. Hose of the X. .S. Bureau of 
Public Roads and showing the classification of soil types dependent upon 
texture, is shown in Fig. 1, Descriptive terms for the types are showm in 
Art. 8. It is pointed out that thes^? types, as shown, limit the percentage 
of the particle sizes within a given range allowable for a given type. 
Furthermore, the term **loam” represents particle size, not the presence 
of organic matter. For example, sandy clay loam may have the following 
I>ercentage8 of particle size group: sand 50 to 80; silt 0 to 30; clay 20 to 30, 
Other limiting pert^entages are show'n in the following table. 

Soil Textures 


Class 

Sand, 

Silt, 

Clay, 

per cent 

per cent 

per cent 

San<i 

80-100 

0 -20 

0- 20 

Sandv loam 

50-80 

0- 50 

0- 20 

liOani 

i 30-50 

30- 50 

0- 20 

Siltv loam 

0-50 

50-100 

0- 20 

Sandv ciav loam 

50-80 

0- 30 

20- 30 

Clav loam 

20-50 

20- 50 

20- 3 0 

SUtv clav loam 

0-30 

1 50- 80 

20- 30 

S&ady clav 

. 55-70 

i 0- 15 

30- 45 

Ciav 

0-55 

0- 55 

30-100 

Silty clay 

0-15 

; 55- 70 

30- 45 


Texture and the corresponding grading and range of particle size are not 
mifficient to predict the ultimate value of the soil as an engineering material- 
As previously pointed out, texture is related to density, which in turn 
affects such s»il properties as surface area, capillarity, permeability, and 
otkera. For final evaluation as an engineering material, these factors 
sliouM be ixmsideied. 

Strmctia*!. — The ^rudure of a soil ma^ or body refers to the arrange- 
ment of the individual particles. It is (^vious that the po^ble arrange- 
mente for all the pwyrticle Mes eontauied in soil masses are innumerable. 
It incltid« a ran©B that variefi from that exhibited by the loose flooculent 
structure of fime«®raiii«sd day pwtieks, which have not bem subjected to 
loading, through tlmt Aown by all possAtle arraagemmts exhibited by the 
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mixtures of granular soils, to that of the dense, highly cemented structure 
shown in hardpan 

The foundation engineer is interested in evaluating the variable properties 
of soil, within the range of general types, which may he identified by texture. 
In this evaluation, structure is an important characteristic, Init is not in 
itself sufficient completely to determine the probable liehavior of a soil 
under load. Furthermore, the present structure of a soil mass is so closely 
associated with many physical and chemical soil properties that the origin 
and history of the deposit cannot be disregarded. Some of the properties 
associated with structure can be directly measured, others must Iw measured 
by indirect means. In the interpretation and correlation of test results, a 
clear idea of the origin and of the various processes by which the deposit is 
placed and its subsequent history is essential. Leaching water may alter 
the physical character by either removing or depositing fine materials of 
the silt or colloidal range. The character of the water will also affect the 
type and the rate of chemical reactions. The resulting mineral content 
may therefore be predominantly a single, chemically stable lirimary rock 
mineral or any probable mixture of primary and secondary rock minerals. 
The clay minerals, unlike other soil minerals, are materially affected by 
pressure. Consequently, clay deposits will show a varying range of structure 
dependent upon the intensity and duration of vertical loading. Deposits 
of clay or those which contain sufficient percentages of clay to impart some 
of its properties will therefore show the effect of overburden load.s. The 
overburden load may have been the ice sheets or deposits that are now 
eroded. 

Descriptive terms that are intended to designate in general the various 
types of structures with respect to compactness, consistency, and chemical 
composition have been applied. These terms are relative. Compactness 
is associated with porosity, degree of consolidation, and degree of cementa- 
tion. Both texture and density, in a measure, determine “specific surface'* 
which in turn is associated with “capillarity/* water-holding capacity, and 
permeability. The percentage and chemical composition of colloids in 
part define the degree of adhesion and possible base exchange, which again 
affect possible shrinkage, swelling, and permeability. Consistency refers 
to the degree of cohesion. This is associated with origin, chemical com- 
position, particle sizes, and vrater content. Degree of compaction and 
consistency are associated with, and at least in part define, internal stability 
or resistance to deformation and are therefore associated with shearing 
strength, bearing capacity, and rate of volume change. 

The evaluation of structure as a factor in defining the suitability of a 
particular soil for a given purpose may, therefore, be represented by an 
integration of the physical and chemical properties between limits fixed by 
local geology and conditions for the intended use. 

6- Relationship of Textture and Structore. — ^Texture and structure are 
perhaps the most important characterfetics by which soils are identifi^. 
Both are, however, interrelated and interdepesiident. Neither as a 

sufficient means for the evaluatk>n of soil masses for engineering purpose. 
The physical and chemical properties of a soil mass are, therefore, expce»ed 
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in terms of soil factors that can }>e more or less directly measured. Some 
of thei«; may properly apf>ear under the study of both texture and structures- 
For example, particle size and gradation are primarily a textural study but 
they also contribute to and, to a large extent, control density but do not 
sufficiently define it. I>eusity in turn is associated with compaction, per- 
meability, and other important properties. Structure is a property of 
the mass, which is not only determined by particle size or gradation but is 
dependent upon chemical compiosition and the history of the deposit relative 
to the physical, chemical, and mechanical actions to wdiich it has been 
subjected and by which it has acquired certain mechanical properties of a 
processed engineering' material. 

7. Soil Factors. — Some of the more important soil factors that are used 
to define and evaluate soil properties more clearly wfill be briefly described. 
Th'We definitions are approximate. For details relative to the interrelated 
functions of these factors in determining important soil properties together 
with methods of their determination, reference is made to texts on soil 
mechanics and to the current literature upon that subject. 

Density. — The density of a soil is its weight per unit volume. Its value 
is, therefore, dependent upon the state of compaction. The term “mass 
density** is sometimes used and refers to the density or unit weight of the 
soil mass or body, 

SpeeiAc Gravity . — The specific gravity of a material is the ratio of its 
weight per unit volume to the weight of a unit volume of w*ater. 

True spedjic gravity refers to the specific gravity of the soil particles 
themselves, while mass specific gravity refers to the specific gravity of the 
soil mass or body. 

Porosity. — The porosity of a .soil mass is the ratio of the volume of voids 
to the total volume expressed as a percentage. 

Specific Surface . — The specific surface of a soil is the surface area of the 
soil particles per unit of absolute volume. 

Capillarity . — The capillarity of a soil refers to its ability to raise vrater in 
thin films above the level of the W'ater table. Both particle size and the 
physicochemical properties of the soil, particularly adhesion, influence its 
value. 

If’otcr-iWdtnijr Capacity . — ^The wmter-holding capacity of a soil refers to 
its ability to retain water in thin films against the action of forces tending 
to drain it. A centrifugal force, u^ally 1,000 times gravity, is generally 
UBed. The results are evaluated as centrifugal moiMure eguivalevij which is 
the moisture content expressed as a percentage of the dry weight of the soil. 

Ctdlmds . — A colloid is a particle of such dxe that it will exhibit Brownian 
movement when suspended in water. 

Admr 0 i 0 m .' — 'The concept of adsorption, in phyi^sd chemistiy, is that 
phenomenofi which cause® all solids to adsorb or condense on their surface 
any gas or vapors with which they are in contact. 

Baa# jfocAaii##. — la physfeal chemk^, base exchange is defined as 
adaoFpfcio® that invcivea rwctiw® that a*e 'MsentMly chemical or ionic in 
chairMtar. 



APPEKDIX A 


Shrinkage. — The shrinkage of a soil is the k:m of volume due to a decrme© 
in the moisture content and to forces resulting from tension in the water 
films. 

Swell. — The swell of a soil mass is the increase in volume caused by a 
change in w^ater content. 

Cohesion. — The cohesion of a soil is the property by wliich resistance 
to displacement of particles is developed by the forces of attraction that act 
between them. 

Internal Stability. — The internal stability of a wii mass is that pro{M*rty 
by which particles too large to be affected by molecular attraction attain 
mechanical stability through the mutual support of the j»artick?s. 

Compressibility. — The compreasibility of a soil mass is that projM^rty by 
which a decrease in volume results when an external pressure is applitni. 

Plasticity. — The plasticity of a solid is the ability continuously to deforn* 
without rupture under a force greater than that which caused yield. It 
follow’S that a force less than that which caused yield can be sustained 
without deformation resulting. 

Elasticity. — Elasticity of a solid is the ability to return to its original 
shape and size when the external force causing deformation is removed, 
provided the deforming force is within the elastic range. 

Permeability. — The permeability of a soil ina.ss is that projxTTy which 
aliow^s a fluid under a hydrostatic head to flow’ through it. 

Shearing Strength. — The shearing strength of a soil ma.ss is that propt*rt>' 
by w’-hich the individual particles resist displacement with resj>ect to one 
another when an external force is applied. 

Bearing Capacity. — The ultimate bearing power of a soil mass is defined 
as the minimum load that causes failure of the mass. The safe-l>eariiig 
capacity is evaluated by the use of a safety factor. Failure of the mass 
may, however, be determined by a specified settlement. (Consequently, 
both the dimensions and the value of the bearing area and the deptli at 
W’hich it is located should be specified. 

8. Defining or Identifying Terms. — The following terms describing 
textures, structure, consistency, compactness, and chemical composition 
are used primarily for identification in the soil profile and represent a 
partial list of those designated by the committee on terminology of the 
American Soil Survey Association. Neither terms nor definitions have 
been standardized nor have they been accepted by the Bureau of C'heoi- 
istry and Soils. Consequently they may be considered as tentative and 
approximate. 

8a. Texture. Sands. — Sands are composed of lcK»e granular 
grains, containing less than 20 per cent of silt and clay. 

SiUs contain less than 20 per cent of sand and clay. 

Clays contain more than 50 per cent of silt and clay, or clay and sand, 
and more than 30 per cent of clay. 

Loams contain more than 50 per cent of silt and clay, or »nd and clay, 
but less than 20' per cent of clay. 

Clay is a finentexteed soil, whksh forms bard lumps or clods when it is dry. 
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Varying percentages of sands and silts result in the designation of sandy 
loam/’ “sandy clay loam/’ “clay or silty loam/’ “silty clay loam/’ or 
“silty clay.” The table of soil textures shown with the textural chart in 
Fig, 1 defines the p€*rinissibie percentages. 

86. Structure- Granular Structure. — Aggregates varying in size 
to 2 in. in diameterj of medium consistency, and more or less subangular 
or rounded in shape 

Anuprphom Structure. — A soil of fine texture having a massiv'e or uniform 
arrangement of particles. The individual grains cannot be recognized. 


Class %Clar 

0' 20 0-20 

Sanc/y/aarr? SO-OQ 0 - SO 0-20 

Loc^rn 30-50 30' SO 0-20 

SWymrrm O'SO SO' WO 0-20 

Sanefy c/aty /cam 50 
- W-SO 20' SO 20-30 

0'30 SO' &0 20-30 
55-70 0' IS 30-45 
^ p-SS 0- 55 mOQr-i^ 

0- IS 55 ' 70 ^4S 


Clay 

Silfy 


fy day 



Sanofyc/ay^- 


Fig. 1. 


Derme Strudure. — soil mass having a minimum of pore space and an 
alK^nce of any large pores or cracks. 

Hmm'ycon^ Structure. — A natural arrangement of the soil mass in more 
or leas regular or six-sided sections separated by narrow or hairline 
cracks. This is usually found as a surface structure arrangement. 

Laminated Struduree. — An arrangement of the soil mass in very thin 
plates or layers, l€« than 1 mm. in thickness, lying horizontal or parallel 
to' the soil surface. 

Stngie-grmned Structure. — -An incoberent condition of the soil mass with 
no arrm^ement of individual particles into aggr<^^t^. This type is 
usually found in soils of coarse texture. 

Clayt Phm. — An accumuiatioBt or stratum of stiff, compact, and relativ<diy 
impcuvio'us clay. "IFtaC clay is not cmneated and, if .immmBed in water, 
cmx be worked into a soft masB. 
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Hardpan. — ^An accumulation that has been thoroughly cemented into a 
rocklike layer that will not soften when wet. True hardpan definitely 
and permanently limits the dowmward movement of water in nature. The 
distinction between hardpan and clay pan is an important one in soil 
classification. 

8c. Consistency, Brittle. — A soil that will break with a sharp, 
clean fracture, when dry. If struck a sharp blow, it will shatter into cleanly 
broken, hard fragments. 

Plastic. — ^A soil that may be readily deformed without rupture. It is 
pliable but cohesive. This term applies to those soils in which, at certain 
stages of moisture, the grains will readily slip over each other without the 
masses cracking or breaking apart. 

Soft. — Yielding to any force causing rupture or deformation. 

Sticky. — This term is applied to soils showing a decided tendency, when 
wet, to adhere to other materials and foreign objects. 

Firm. — A soil that is moderately hard. It show.s a »*esistance to forct^s 
tending to produce rupture or deformation. 

Friable. — ^A structure that may be easily pulverized to a granular. The 
aggregates of a friable soil are readily crushed or ruptured witii the applica- 
tion of a moderate force. 

Hard. — A soil structure, resistant to forces that tend to cause rupture or 
deformation. 

Tough. — A soil that is tenacious or shows a decid(Hi resi.stan(‘e to rupturf*. 
The soil mass adheres firmly. 

8d. Compactness. Loose. — A soil mass in wliieh tlie soil 
particles are independent of each other or cohere very weakly with a maxi- 
mum of pore space and a minimum resistance to forces tending to cause 
rupture. 

Compact. — A soil packed together in a dense firm mass but without any 
cementation. Relative degree of compaction may be expressed by terms 
such as “slightly compact,” “very compact,” etc. 

Impervious. — A soil that is highly resistant to the penetration of water 
and usually resistant to penetration by air and plant roots. In field prac- 
tice the term is applied to strata or horizons that are very slowly penetrated 
by water and that retard or restrict root penetration. 

8e. Cementations. Firmly Cemented. — Cementing materials of 
considerable strength and requiring considerable force to rupture the 
mass. They usually break with clean, though irregular, fractures into hard 
fragments. 

Indurated. — Cemented into a very hard mass which will not soften or 
lose its firmness when wet and which requires much force to cause breakage. 
Rocklike. 

Weakly Cemented. — ^This term is applied w'hen the cementing material 
of a soil mass is not strong, and the aggregates can be readily broken into 
fragments with a more or less clean fracture. 

Softly Cemented. — ^This term is applied when cementing material is not 
strong or evenly diffused through the ma^. The a^regatm are readily 
crushed but do not bimk with a clean fracture. 
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8/* Ch«micai Cotniwjsitioii. Peat Sml . — A soil comp»osed pre- 
dominately of organic material, highly fibrous, with easily recognized plant 
remains- 

Afuck Soil . — A soil composed of thoroughly decomposed black organic 
material, with a considerable amount of mineral soil material, finely divided, 
and with few fibrous remains. 

Leaf Mold . — The a<*cumnlat!on on the surface of more or less decomposed 
organic remains, usually the leaves of trees and remains of herbaceous 
plants. 

Alkaline SoU . — A soil containing an excessive amount of the alkaline 

salts. 

Sedine Sail . — A soil containing excessive amounts of the neutral or non- 
alkaline salts. 

Calcareow Soil . — A soil containing sufficient calcium carbonate to 
effervesce wiien tested with a vceak (O.l.V) hydrochloric acid. 

Acid Soil . — .V soil w’hieh is deficient in available bases, particularly 
calcium, and w^hieh gives an acid reaction when tested bj^ standard methods. 
There is no full agreement on the most satisfactory test for acidity or as to 
the actual character of an acid soil. Qualifying terms, such as ** strongly,” 
or “moderately,” may be applied to express the degree or intensity of acidity. 
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FORMULAS FOR BEARING POWER OF PILES 

Pile driving is not now and probably never can }>e an exact wience. It is 
not, therefore, subject to so precise mathematical analysis as man 3 ’ other 
phases of design and construction in which only pro<*e5»ed materials are 
involved. An important and one of the most indeterminate factors invoIviMi 
in the behavior of a pile both in driving and in resisting static loading is the 
soil surrounding it. The supporting soil maas is, therefore, a structural 
element if the pile is to perform its function. Since the physical properties 
of materials composing the pile itself are well established, its beha\'ior under 
both dynamic and static loading can be calculated within a fair degree of 
accuracy. The soil is a natural material. It has been formed by natural 
processes; hence it may, and often does, exhibit wide variations in ehai*- 
acter in short distances within natural deposits. 

The characteristics of the soil are evaluated by suitable tests upon repre- 
sentative samples. If the sampling process does not secure samples that 
show aU changes in character, the values determined do not represfmt the 
true subsurface conditions. Serious errors may, therefore, result in the 
determination of the probable behavior of the soil under the pile loading. 

Since these two materials must act together, a serious indeterminate prob- 
lem results. The analysis is further complicated by the fact that piles are 
placed by dynamic forces and, in most cases of servuce, must resist static 
loading. 

The statement that the best results in pile driving are obtained as a result 
of practical experience and the exercise of good judgment is often seen in 
engineering literature on this subject. Many, p>erhaps most, exp)erienced 
pile-driving men state that pile-driving formulas should be used with 
caution. This statement is entirely correct. However, the warning in itself 
implies that the ability to evaluate the factors determining the behavior of 
driven piles and of pile groups has been acquired by those who apply them. 
Doubtless, many pile foundations have been built that successfully perform 
their purpose. On the other hand there are many that do not. The ne«i 
for supporting data as to just how various formulas and results are evaiuatwl 
for driving equipment, kinds of piles, and subsurface conditions is exddent if 
suitable dependable guides are to result. Such a procedure would leave 
records of the valuable information and experience gained by pile-driving 
men throughout a lifetime of effort. Unless records of these experiences are 
kept in a form suitable for later reference, the experience is k)et to the 
profession in the years to come. 

Pile-driving formulas will fail to give consistent rwuits dependent upon the 
consideration of all the factors mv5dv©d and upon the accuracy of thttr 
determination. Some dynamic formulas attempi to evaliMie tMSkm m 
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a whole. Others provide for separate determination. The first method, in 
general, resnlts in a simple formula, the latter in a more complicated one. 

The development of testing apparatus to determine the physical and 
mechanical properties of soil has furnisheil an important tool for the evalu- 
ation of the fundamental soil fact<3rs |>ertinent to the problem. Although 
thes<! values may vary over a considerable range for given soil types, they 
can l>e determined within reasonable and practical limits, provided the 
samples are representative. However, soil factors so determined can fail 
in their purpose if the t€‘st results are misinterpreted for particular con- 
ditions. Carefully determined soil factors, properly applied and interpreted 
with pile-driving data, the results of test pile loadings, and the behav'ior of 
pile groups in resisting static loading could furnish data for a comparison 
and evaluation of existing formulas. 

There is much controversy in engineering literature about the relative 
values of simple and complex formulas. Except for uniform soil conditions, 
it is doubtful if any formula that considers all the factors involved can be 
expressed in simple form. Furthermore, it is not understood why a simple 
formula to express the safe bearing capacity of a pile should be more neces- 
sary than it is for any other element of a structure or other engineering work. 
Certainly no formula, either dynamic or static, should be blindly applied. 
In the design of a pile foundation, formulas are but one of the necessary and 
available tools. They, like the other tools, should be properly used if a 
safe and economic foundation is to result. 

It i.s beyond the scope of this book to attempt to present either a com- 
plete review of dynamic pile-driving formulas or the mathematical derivation 
of the many formulas that have resulted from various assumptions made to 
evaluate the variable factom involved. The relationship between the 
well-known formulas and the assumptions made in their derivation will be 
pointed out. All dynamic formulas are based upon the assumption that 
pile driving is a problem of Newtonian impact and that the static resistance 
can be expre.ssc‘d in terms of dynamic resistance. 

The most thorough and scientific study of pile-driving formulas yet pub- 
lished appeared in the Journal of the BoBton Society of Civil Engineers, YoL 27, 
January, 1940, entitled “Dynamic Pile Driving Formula'* by A. E. Cum- 
mings. The special committee of the American Society of Civil Engineers 
on the Bte^aring Value of Pile Foundations published a progress report in 
the Proceedings of the society for Alay, 1941, Vol. 67. These papers, together 
with a discuadon of the latter as published in the succeeding numbers of the 
Proceedings, reprraent current opinion of pile-driving formulas, as expressed 
by the leaders of the pile and allied industries. These references are espe- 
cially recommended for detailed study. 

PracticaUy all dynamic pile-driving formulas are based upon the funda- 
mental energy equation, 

WH = RS (1) 

where = the we%ht of the hammer or ram. 

H = the height of fall. 

R « the rMstwee to penetration. 

S »» tlj» daiaiiiEse the fsAe p€metra.t€» un'der one hammer blow. 
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Accordingly, in Eq. (1) represents the so-calle<i “ultimate load,” or 
bearing capacity, of the pile. The following formulas will l>e written in 
this form and the safety factors will not, except where noted, l>e inrIudwL 
The dimensions of all units or quantities should be such that all liquations 
are dimensionally consistent. 

This equation assumes no loss of energy. It states that all the energy 
acquired by the hammer in falling through a distance // is utilized in pro- 
ducing a pile penetration of jiS* by overcoming the resistance R through a 
distance equal to *S’. The value of R must, therefore, be fissunH?<l to be con- 
stant or to vary along the pile according to a definite law. Neither of thesii 
seems likely nor is there any conclusive evidence that any such asismnption 
is justified. Likewise the term S is not clearly defined. The impact of the 
hammer causes a temporary compression of the pile and the surrounding 
sod. Permanent penetration of the pile is therefore reduced and the energy 
required to produce these deformations is lost energy. 

The energy losses during impact may be represented by Q and the funda- 
mental equation rewritten as 

WH^RB+Q >2) 

To evaluate this equation, the Newton theory of impa<‘t has l>ecu applied. 
In this theory, the elastic propertit*s of bodies in dire<*t central iniptn't are 
represented by the coefficient of restitution c, which is evaluated l>y 



where hi is the height of the fall and hs the height of the rebound. For pi?r- 
fectly elastic bodies, e is equal to 1; for perfectly inelastic bodies, e is injual to 
zero. The energy loss of two bodies of masses M and m having a velocity 
of V before impact and v after impact is given by 

Energy loss = ^ (1 — e*) 

Assuming M as the mass of the hammer and T” its velocity before impact. 
m represents the mass of the pile and v its velocity, which, after impact, will 
equal zero. By substitution, Eq. (3) becomes 

Energy loss = WII -^p-qp ^ ^ 

Substituting for Q its value, Eq. (2) becomes 

WH = BS + WH ~ p* (5a) 

( 55 ) 
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If perfectly irjeiaBtic inipa<‘t ia aaaiimed, Eq. (56j retiuces to 



This is Eytelwein’s formula, which was first publisiied about 1820. 

If perfwtiy elastic impact is iiasumed, Eq. (5a) reduces to 

WH = RS or li = ^ (7) 

Tliis is Sauntiera^ formula, which was published about 1850. Saunders used 
thia equation with a siifety factor of 8. 

4- p^s 

Referring again to E<j. foa s, the cpmntity represents the energy 

loas due to impact, determined liy the theory of Newton, and is represented 
by th€‘ factor Jt. This term then represents the efficiency of the hammer 
blow. The relative values of the weights of the hammer and the pile 
together with the value of the coefficient of restitution wdll determine the 
In^havior of the hammer upon striking the pile. Theoretically, when Pe^ 
is gn*ater than IF, no relyoimd of the hammer will occur. Hammer rebound 
re<iucea the eneigy transferred to the pile and, in this case, the efficiency k 
is represented by 



ir +Fc*\ /ir - Pe^\ 

u-hPj K n -hP / 


( 8 ) 


Since il: is a factor multiplying TF/f, consideration of Eq. (8) will show the 
importance of the relative weights of the hammer and the pile being driven 
and of the control of hammer relx>und. 

The temporary compression of the pile may 1:>e expressed in terms of load 
/?, crosa-m*tional area .4, length L, and modulus of elasticity E for perfectly 
elastic bodies by static theory as follows: 

Energy loss = (9) 


The energy available may be equated to pile resistance plus the energy 
lost in compressing the pile, assuming no relmund of the hammer, as follows: 


from which 


WII 


( 


W 4- Pc* 
IF + P 


) - PS + 


E!k 

2AE 


R 




V 


, Trr„ A-Pe^\ 2L\ 

^ + w +p ) ae) 


( 10 ) 


( 11 ) 


Ajewraing; perfectly in«^astic impact, e is equal to aero and Eq. (11) reduces 
to 


AS / 

L \ 


B ± 




2Wm' L\ 
S{W +P) Aj 


B 


( 12 ) 
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which is Redtenbachcr’s formula. This formula was first published about 
1850 and is extensively used in European practice. ^ 

If^ in addition to perfectly inelastic impact, no loss in compression or 
rebound of the pile is assumed, Eq. (11) rt?duces to 


R = 


If'*// 

(ir + P)S 


(13) 


This is the Dutch formula. It is to be noted that as t he value of S approaches 
zero, the value of R approaches infinity. The.se values of R are of no sig- 
nificance and hence the formula will not hold for small fxuietrations per 
hammer blow. This formula is widely used in Hollantl, Ihdgiiim, and 
France. ^ 

Equation (10) is the basic equation of many pile-driving formulas. When 
terms are added to represent the energy lo8.s due to temporary compression 
of the driving head and the surrounding soil, the so-called “ complete '' 
pile-driving formula results. This formula seems to have Ixiui develoix^i 
by Redtenbacher according to Cummings.® 

A modification of the complete pile-driving formula wa.s intrcxlueed by 
A. Hiley^ in 1930. The energy equation is written as follows 

kWH = RS -h (14) 


in which k is the efficiency of the hammer blow and C represents the energy 
loss. The factor C is composed of three parts, namely, Ci, the temporary 
compression of the driving head, the temporary compression of the pile, 
and Cz, the temporary compression of the ground. A safety factor of 3 is 
recommended. 

The efficiency of the hammer blow may be computed l>y the bracketed 
term in Eq. (on) or by Eq. (8), provided they are modified to evaluate tlie 
effect of the driving cap. For wood-driving caps value.s for e of 0.25, 0.40, 
and 0.50 for fresh, medium, and well-compacted wood cushions are recom- 
mended. Using these values, the coefficient k may be computed for various 
values of the ratio of the w’eight of the pile to the weight of the hammer. 
It is also recommended that the k values be further adjusted to compensate 
for equipment efficiency. When drop hammers are used, the values of k 
are multiplied by 0.8; for steam hammers, a factor of 0.9 is us<^d. For 
double-acting steam hammers the additional energy developed by the steam 
pressure is added to the energy developed by IF X if. 

Values of Ci and may be determined for assumed croas-secdional area.s 
and lengths of piles and driving caps under various conditions of driving 
by calculating the stresses produced, assuming the modulus of elasticity 

^ Portland Cement Association, “Ckmcrete Piles,” p. 19. 

* A. E, Cummings, “Dynamic Pile Driving Formula,” J<mr. BoMon S4 m:, 
Ciml Eng., Vol. 27, January, 1940. 

® A. HiiiBY, “A Rational Pile I>riviiig Fomitiia and Its Applicatic«^” 
Engineering, VoL 119, pp. 657 and 721, 
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and substituting in the static furmuia for the deformation produced. The 
value of Cs is determined from the formula 

C, = 0.2 J (IS) 

where R m the pile load and d is the cross-sectional area of the pile. 

The Portland Cement Association ‘ rcH-ommends the following method of 
measuring the values of Cs and C». Iward, covered by a sheet of paper, is 
fastened or clamped ori the pile. A straighte<lge is held on a separate 
frame directly in front of the Ixmrd and free of the pile. During driving, a 
pencil drawn over the straightedge records a diagram or trace on the paper. 
The permanent set and the elastic compression of the soil below' the pile 
point are measured directly on this trace. Field measurements have been 
made by Hiiey and Ackerman in England and by Goodrich in the United 
States.® 

To use this formula, the conditions at the site of the w’ork, the equipment 
to be used, and the type of stjil must be known. It does not seem likely 
that any formula can be expected to express the temporary compression 
of the ground. This factor will vary w’ith both driving conditions and soil 
characteristics, and the latter may vary over a wide range within the area 
where piles are to be driven. 

In a discussion of pile-driving formulas Professor Terzaghi® points out 
that there is at present no tangible evidence that the variation between 
calculated and real values for bearing capacity can be reduced by the 
determination of the factors contained in this formula, w'hen they are com- 
pareni on a statistical basis. Furthermore, the ^‘aet of making the observa- 
tions places a burtlen on the engineer.^'® A further significant fact is 
repeatedly pointed out by Cummings^ that formulas derived from the 
complete pile-driving formula are based upon Newtonian impact. The 
complicated impact conditions that prevail in pile-driving operations are 
incompatible with the basic conditions upon w'hich this theory was developed. 
Furthermore, in the so-called ^‘complete’* pile-driving formula, the 
coefficient of restitution, by the theory of Xew'ton, represents all the energy- 
losses. Certain parts of these losses are, therefore, deducted twice. 

In 18S8, the late A. ]M. Wellington, then editor of Engineering News^ 
introduced a formula, -which has since been commonly know'n in. both its 
original and its modified form as the Engineering News formula. Although 
it is generally thought that this formula is entirely empirical, its author 

^ See footnote 1, p. 397. 

® See footnotes 1 and 2, p. 397. Reference is also made to Piles and 
Foundations” by J. Stuart Crandall, Jour. Boston Eoc. CiwU Eng., VoL 18, 
pp. 176-189, 1931. 

® C. T»bza.ghi, D«ussion of Progress Report, Committro on Bearing 
Value ci Pile FoiuiidatiotM^ Proc. Am. Soc. Ciml Sng., VoL 68, No. 2, pp. 

Febrtmiy, im2. 

♦See footnote 2, p. 397. Also A. E. Cummings, '‘‘Discussion of Progre«B 
Report, C^aaittee '©n Value of Bie Fwndatmns,** Froc. Am. Soc. 

Ciml Bn§., Vol. 6% No. 1, pp. 172-181, Jaumary, 1942. 
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states, “The general form was first deduced as a theoretically perfect 
equation of the bearing power of piles, barring some trifling and negligible 
elements.”^ 

Wellington assumed that all th^ energj’ available in the hammer blow 
was consumed in overcoming pile resistance and that this pro<iuc*e<l the 
maximum or ultimate bearing ioa<i M. The safe bearing load was con- 
sidered to be one-sixth of the ultimate; in other words, a safety factor of six 
was introduced into the formula. The energy of the hammer was expressed 
in inch-pounds. Equating these terms, 

M. 2117/ 

6 -IT 

In this formula as the value of B approaches zero, the value of safe l>earing 
load approaches infinity. This condition was likewise shown in the Saunders 
formula, Eq. (7), where no allowance is made for energy kxs,ses. To adjust 
this condition the factor C was introduced, which is evaluated as 1 for drop 
hammers and as 0.1 for steam hammers. 

With the introduction of the factor C, this equation is fundainentally the 
same as Eq. (2). The general form is 

Safe load = 

For drop hammers the formula Is 

« r 1 1 247/ 

bafe load = — j — - 

For single-acting steam hammers 

c, . , , 247/ 

Safe load = 

For double-acting steam hammers 

Safe load = 0 1 

where A is the area of the piston and p is the steam pressure. 

Experience has shown that the value of 0.1 is too low for steam hammers 
and that, in many cases, wood piles have been ruined in attempting to pro- 
duce the required penetration for an indicated safe bearing capacity. A 
value of 0.3 is sometimes used. 

To adjust for the inertia of heavy piles and for the relative weights of the 
pile and the hammer, Eqs. (19) and (20) have been modified as follows for 
single- and double-acting steam hammers, respectively : 


Safe load = ^ 

(21) 

Safe load = ^ 

(22) 


A. M. Wbulekgton, “Pile and Pile Driving,” En§. News (reprint). 
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in which P is the weight of the pile. All other symbols are as before defined. 
It is, however, reiteratecl that in Eqs. (16; to (21) II, the height of the ham- 
mer fall, is expreissetl in inches. 

In the original work^ on this formula, Wellington places limits upon ham- 
mer weight, height of fall, and Ixiuncing effect and requires a reduction in the 
energy developcKl by the hammer fall for wind resistance, guide friction, 
conditions of pile head, retardation of velocity due to hoisting rope, etc. 
He specifitirs that S l>e taken as the mean of the penetrations for several 
blows, provided that **the penetration is uniform or uniformally decreasing,” 
that “ the same conditions would continue if the pile w'ere driven for several 
ieet further (wrhich may be knowm from test pile driven to an extra depth or 
from knowledge or evidence as to the nature of the soil, as that it is all sand, 
gravel or alluvial deposits) and that ^‘penetration must be relatively 
quick.” 

The Engineering New« or Wellington formula is probably the most widely 
used of the dynamic formulas. The erratic results for small penetrations 
have bcjen point«l out. It is doubtful if any formula should be applied to a 
pile W'here the principal resistance is at the point. When calculated results 
are compared with real values as determined by test loading, wide variations 
are showm for Ixjth wotxl and concrete piles driven with a single-acting 
steam hammer in cohesive soil and for steel piles driven with various types 
of hammers and soil types.® Based upon the results of 30 tests, Professor 
Terzaghi show's that the real factor of safety obtained by the use of this 
formula is approximately 4 instead of the theoretical 6.® Since it is generally 
agr(?ed that a real safety factor of 2 is adequate, the use of this formula 
would result in placing twice the number of piles necessary. In other cases, 
the number used may be inadequate. 

Limitations of Formula, — All dynamic pile-driving formulas are limited 
because of the questionable application of the impact theory of Xew'ton. 
Questionable assumptions regarding impact are introduced, and in formulas 
based upon the complete pile-driving formula certain portions of energy 
losses are deducted twice. None of these formulas provide for vibrations 
set up in the pile. Unless exact subsurface conditions are known, the value 
of pertinent soil factors must be assumed- It seems to be the opinion at 
present® that any change in dynamic pile formulas should have a different 
basis than New'tonian impact. Cummings* points out that pile driving is 
more nearly associated with the theory of longitudinal impact of rods. 
This theory wraa derived by St, Venant and Boussinesq and covers the 
analysis of transinissioii of stress within rods subjected to longitudinal 
impact. It was applied to pile driving by Dr. V. Isaacs.® The British 

® See footnote 1 on p. B99. 

* See footnote 3, p. 39®. 

® See footnote 2, p. 397 and footnote 4, p. 3^. Also, H. A. Mona, 
**DMCiua8ioii of Pregjnw® Report, Committee on the Bearing Value of Pile 
Foundations/* Pr®c. Awl Cwil Eng., Vol, 6% no. I, January, 

* See foe4ooi» 2, p. 397. 

* 8m footnote 4, | 
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Building Research Board has demonstrated that the behavior of pile® under 
field conditions can be predicted with considerable accuracy. Field data 
have also shown that the stress transmission characteristics of the pile have 
a bearing upon its behavior during driving and upon its ability to resist 
static loading.^ 

In 1929 Professor Terzaghi* fully explained the factors of driving and 
static resistance of piles in cohesive soils and proved the inadequacy of 
dynamic formulas. The static resistance of a pile consists of point resistance 
and side friction. There is no reason to assume nor data to prove that the 
sum of these resistances is equal to the sum of the point and side friction 
resistance during the driving process. In noncohesive soils where conditions 
are not complicated by hydrodynamic lags and excesses, the total static 
and dynamic resistances may be more nearly equal. It is, however, difficult 
to drive piles into dense noncohesive soils and jetting methods are often used. 
Under these circumstances, static formulas are more applicable. 

Static Formula. — ^The static resistance of a pile is composed of point 
resistance and side friction developed between the pile and the surrounding 
soil. It may be expressed as follows 

B = up + A.f (23) 

w-here R ~ pile resistance. 

a — cross section of the pile at the point, 
p == the bearing capacity of the soil at the pile point. 

Ag = the surface area of the pile. 

/ == the frictional resistance of the soil, per unit of area. 

The point resistance is dependent upon the resistance of the soil to com- 
pression and the side friction is dependent upon the character of the pile 
surface and the shearing strength of the soil. These soil factors are directly 
related to both the nature and the state of the soil. 

The degree of disturbance caused by driving w’iil alter the value of these 
soil factors. In some cases, a so-called “remolding’^ is said to take place. 
Settlements of the pile -would also affect the value of both soil factors. 

For the greatest benefit, both factors should have their maximum values 
at the same time. Therefore, stress conditions in the soil surrounding the 
pile cannot be ignored. 

To secure an evaluation of this or any static formula involving com- 
pressive and shearing resistance the determination of these soil factors is 
pertinent. According to Professor Terzaghi, no dependable method is as yet 
available to evaluate correctly the factors that determine side friction nor 
is the rate of variation, with depth accurately known.® The so-called 
“remolding’^ produced in driving cannot be evaluated by laboratoiy^ tests 
because the conditions cannot be reproduced. The disturbance that the soil 
undergoes during driving occurs under the pressure of the overburden while 
any disturbance of a laboratory sample takes pla<» at atmospheric pr«»ure- 

^ See footnote 3, p. 397. 

* C. Tkkzaghi, ‘‘The Scfenoe of Foundatiotts — Its PriMiejat aiwi Ftiture,’^ 
Tmns- Am. Soc. Ciml Eng., Vol. 270-301, 1929. 

® See footnote 3, p- 396. 
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A methodi of evalmation quoted from practiee, “Although the soil 
pre«ure on the side of a pile may not increase in direct proportion to the 
depth, it would he itmsonabk* to expect the pressure to increase in pro- 
portion to the shearing strength of the soils, thus enabling these pressures 
to be at least approximately evaluated. 

“The calculations for bearing capacity are based on the results of tests 
on core samples which tests determine the shearing strength and the friction 
of the penetrated soils on the particular pile materials proposed. It is 
assumed that the failure of a pile may occur as the result of either a shearing 
failure in the surrounding soil, a frictional failure on the surface of the pile, 
or a combination of both, whichev'er is least. 

**For piles of small displacements, such as steel H-piles, it is assumed that 
the lateral pressure on the surface of the pile is equivalent to the natural 
over-burden of the soil maas. In the case of displacement piles, during the 
driving of w'hich the stjils are pushed aside and remolded or compacted, it is 
assumed that the lateral pressure on the surface of the piles is equal to the 
ultimate permanent passive pressure of the soil as limited by its shearing 
strength. This passive pressure is taken as equal to a quantity between 
w and (*■ + 2) times the shearing strength depending upon the character of 
the soil. 

“The results of the calculations based on this method of analysis are 
usually presented in the form of curv*es showing the lengths of various types 
of piles required to carry a range of loads for each site. The factor of 
safety to be selectetl for determining the design loads from these curv'es 
depends upon the type, flexibility, and importance of the structure as well 
as upon the extent and completeness of the investigations and the uniformity 
of the soil conditions. The accuracy of the capacities calculated by this 
methcxi has repeatedly been verified b\’ loading tests to failure.’’^ 

In the design of a foundation, the decision that the use of piles is the 
proper solution is far more important than the determination of w’hich 
pile formula to use. Once the deci.sion to piles is made, the safety of 
the pile group and of the pile foundation as a w’hole is paramount. The fact 
that the pile and the pile groups are but elements of the foundation and that 
the soil is the real supporting or resisting medium must not be overlooked. 
The pile foundation is much more likely to fail in its purpose from settle- 
ment than from a material failure. The behavior of the pile group "wdll 
depend primarily upon how the soil takes the load. This in turn is 
dependent upon the stress-strain relationship of the soil body. To 
evaluate th^e factors, complete and accurate knowledge of the subsurface 
conditions, together with results of test pile loadings and records of driving 
must be known. Under these conditions, a pile-driving formula can be a 
useful tool to aid in accomplishing comparable results throughout the area 
where pfles are driven. &ich a complete record can also serve as a basis 
for adequate evmluatiiMi of pile-driving formulas. 

K.. and Wiixiam W. Mooek, “Discui^on of Progress 

Report, Coiniiiit4« on tlie Bearing Value of Pile Foundations," Proc. Am. 
Sw:, CMi Sm-. V€^. Mm. Id. 1^9-194^ Bec^ber. IMl. 
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Blasting cape, 67 
Blasting handbook, 67 
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Blasting powder, 66 
Blasting rock dam foundation, 30f5 
Block holing, 71 
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Blunt vs. pointed piles, 160 
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230 

Bonnet to protect pile head, 159 
Boreholes, 14 
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core, 21 
cwt of, 14 
diamond drill, 22 
methods, 9 
samples, 13 
shot -drill method, 25 
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Bortz, 24 
Boulder dam, 306 
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368 
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pneumatic, 120 
wooden, 112 
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clam shell and dragline dredge, 78 
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Sampler, 18 
Ca^jain’s jnle cap, 158 
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Cavernous rock for dam foundations, 
301 

Cedar Lake Dam, Seattle, 301 
Cementation of soil, 391 
Centrifugal force on bridge piers, 343 
Characteristics, soil, 383 
Charge of explosive, amount, 68 
Chenoweth, A. C., 173 
Chenoweth pile, 173, 185 
Chicago, bascule bridges, 363 
Chicago, Burlington, <fe Quincy Rail- 
way concrete piles, 175 
Chicago open caisson, 110 
Choice of type of concrete piles, 200 
Cinders for sealing cofferdams, 218 
Clamshell bucket, 47, 115 
for dredging caissons, 115 
Clay, for dam foundation, 302, 311 
as inert filler for concrete, 293 
pan, 390 

Cleaning counterweight pits of bas- 
cule bridges, 363 
Clearances, bascule bridge, 367 
Closing pieces for steel sheet piles, 
212 

Cofferdams, 86 

for bascule bridge, 372 
Colloids, 388 
Column bases, 264 

footing, design of plain concrete, 
223 

load, transference to footings, 264 
supports for machinery, 315 
Column footings, 227 
Combination piles, 198 
timber and concrete, 198 
Combined column footings, 233, 248 
footings, rectangular, problem, 
245 

trapezoidal, problem, 251 
Common law, 377 
Compreswve strength of concrete 
pile, 179 

Concirete armor to protect piles from 
teredo, 162 

Concrete 'Cjaissons, 119 

pneumatic, dmMng, 12S 


Concrete construction of bridge 
piers, 340 

Conciete footings, 227~2K 
Concrete gun-pit caiiwon, Washing- 
ton, D.C., 134 
skin friction of, 122 
Concrete piles, 169 
advantages over timber piles, 170 
cast-in-place, 187 
choice of type, 200 
combination, 19® 
composite typ>efi, 198 
compressive strength, 1^ 
cutting off, 185 
introduced, 169 
Peeric^ss, 198 
precast, 173, 178 
driving of, 183 
rate of driving, 166 

average number driven per day, 
183 

safe load, 208 
sectional area, 182 
specifications, 182 
unit pressure, 203 
piles, water jet for driving, 164 
Concrete-protected steel sheet piles, 
218 

Concrete sheet piling, 218 
Concrete test piles, driving and 
loading, 206 

Condenser pit, Union Gas & Electric 
Co., Cincinnati, Ohio, 131 
Consistency of soil, 391 
Consolidation of ground by piles, 
140 

Continuous footings, 235 
Contractor, independent, 378 

liable for damage from his exca- 
vation, 378 

Coping of abutment, 357 
Core barrel, 22 
Core borings, 21 
for bridge piers, 338 
equipment for, 21 
by the Aoi diiiH, 25 
Cote dribOmg, 20 
Core .drills,, types* 22 
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(’■'cire samples, 23 
(."’ore sampling, ® 

Chpe trench for dam foundation, 312 
Corliss engine foundation. 318 
Cornera for stetd shwt piles, 212 
C’orrugated shtHd piling. 213 
C,’ouloml>, 353 

Counterweight pits, in general, 362 
typers and size, 364 
Crandall, J. Stuart, 398 
C*ret>soted piles, 162 
(’ritieal speetl of machinery, 321 
Crude oil, treatment for piles and 
tim!>ers, 163 

Cummings, A. E., 394, 397-398 
Cummings pile, 173 
Curing of concrete piles with steam, 
178 

Curtain walls in dams, 312 
C'ut-ofF trench, for dam, 307 
foundation, 312 
Cut-off walls in dams, 312 
of wooden pill's, 162 
Cutting eilges, of caissons, 113 
C’utting off, concrete piles, 185 
wood piles, 161 
Cylinder and pivot piers, 373 
C.&X.W. Ry. bridge pier caisson, 
Pierre. S.I)., 137 

C’.B.AQ.R.R. Platt River bridge 
pier caisson, 112 

D 

Barn, Arrowroek, 303-306 
foundations, 300 
material for, 301 
examination of site, 303 
meaning of term, 301 
preparation of, 305 
Trent R., 402 

Dampers, to absorb re^dual vibra- 
tion, 317 

, m 

ng, 333-334 

was, Wth or rock-fili, 312 
oresAwr, on srftor foun' 

310 


Dead load, on aliutments, 353 
on hriiige piers, 342 
Dec'p hast'incnts and machinery 
pits, 284 

Deep excavation, 48 
Deer Flat Reserv'oir, Idaho, 311 
Defining or identifying terms for soil, 
389 

Delaware River Aqueduct, 291 
Derrick and hoists, buckets, 47 
field use, 48 
power for, 48 
types, 47 

for wash liorings, 9 
Design, of beam supports for 
machinery, 321 
of caissons, 111, 122 
of column footing, problem, 245 
of column supports for machinery, 
324 

of isolated footings, 227, 232 
of plain concrete footings, 227 
of pneumatic caissons, 122 
of rectangular exterior, 245 
of underpinning, 282 
Designing precast piles, 180 
Details of caissons, 128 
Detroit-Superior bridge, Cleveland, 
Ohio, 182 

Detroit, Toledo and Ironton R.R. 

bridge, Detroit, 365-366 
Diamond drill, 22 
operation, 22 
cost of, 24 

Diamonds, for drills, 24 
Dikes, permeable, Missouri River, 
174 

Dipper dredge, 75 
Disease, caisson, 128 
Draglines, 46 
excavation by, 46 
walking, 51 

Drainage, of foundation bed, 219 
of pits, 2^ 

for reinforced concrete piers, 341 
Draina®© galleries in dams, 311 

damslieli and dragline, 78 
capttctty of j 78 
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Dredge, clamslien and dragline, field 
of use, 78 
dipi>er, 75 

capacity of, 77 
field of use, 77 
hydraulic, 79 
capacity of, 80 
field of use, SO 
ladder, 81 

capacity of, 81 
field of use, 82 
sea-going, 79 

Dredging out caissons, 115 
Dredging wells of caissons, 1 10 
Drill boat, 73 
Drilling, chum, 61 
core, 22, 304 
rock, 58 

for wash borings, 8 
DriUs, 58 
abrasion, 63 
compressed air, 58 
core, 22 
diamond, 22 
drifter, 60 
explorer, 24 
jackhammer, 58 
prime movers for, 58 
stope-hammer, 61 
submarine, 74 
wagon, 61 
well, 61 

Driving caps for concrete piles, 184 
Driving concrete piles, number per 
day, 166 

Driving core and shell of Raymond 
pile, 188 

Driving foundation piles for bridge 
piers, 183 

Driving and loading test piles, 145, 
206 

average rate, 167 
with butt downward, 161 
precast concrete piles, 183 
sheet piling, 208 
sounding rod, 4 
with water |et, 164 
Drop hammers, 151 


Drop hammers, and steam hammers 
compared, 156—157 
Dry counterweight pits for ha»f*ule 
bridges, 362 

Dutch pile formula, 397 
Dynamite, 66 

E 

Earth auger, 5 
Earth fill dams, 31 2_ 

Earth pressure, against abutment, 
353 

theory, 354 

Eccentricity in ft>otings, 224 
Economic balance of cost of brhlges, 
340 

Ejector pipe, 116 

Elephant Butte Dam, Xew Mefxico, 
306 

Elevating graders, 44 
field of use, 44 
output, 45 
power for, 45 
Eminent domain, 381 
Encroachments, 381 
Engineer and the law, 375 
Engineering News pile formulas, 
399-400 

Ericksen, O. P., 80 
Erie Street Bridge, Chicago, 366 
Examination of foundation area for 
dam, 303 
Excavation, 34 
by bulldozers, 35 
by cableways, 49 
in caissons, 108 
Chicago method, 104 
by derrick and hoist buckets, 47 
by draglines, 46 
by elevating graders, 44 
legal requirements, 380 
by mobiloader, 45 
rock, 57 
by scrapers, 37 
mibaqueous, 71 
by walking draglines, 51 
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Exes viit ion, well-poist method, 100 
wet or subaqiieoiiH, 71 
Excavstora, eahleway, 49 
field of use, 40 
a«raper, 37 

Existing foundations, strengthening, 
272 

structures, support of, 208 
Explosives, 64 

amount in charge, 68 
EeH of use, 67 
scope of work, 68 
External forc^*, on abutments, 353 
on bridge piers, 342 
Eytelwein’s pile formula, 396 


Factor of safety for retaining wall, 
299 

Fenders for bascule bridge eounter- 
W'eight pits, 364 

Ferrous method of waterproofing, 
296 

Flexural streng:th of concrete piles, 
180 

Flexure due to weight of concrete 
pile, 198 

Follower for pile-driving, 159 

Footing areas, 219 

Footings, advantages of reinforced 
TOncrete, 228 
bond str^ses, 233 
cantilever, 235 
combined column, 233, 248 
rectangular, 248 
trapexoidal, 251 
concrete, 225 
mntinuous, 235 

depth c4, with n^ard to frost, 219 
A5w®n <rf iaolatol, 232, 238 
problems, :^8 
eccentricit j ia, 2M 
praObge, 257 

timber, Ml 
Merited, 2^' 


Footings, pile spacing for, 254 
plain concrete, 227 

problems in design of, 253-254 
and reinforced, compared, 228 
proportioning, 220 
raft, 238 

reinforced concrete, problems in 
design of, 238 
Talbot's tests of, 229-232 
reinforcement and stirrups, 224, 
257 

on rock, 228 
shearing stresses, 233 
spread. 219 

supporteni on piles, 254 
transference of column load to, 
263 

types of column, 227 
wall, 225 

Forces, external, on abutments, 353 
on bridge piers, 342 

Formulas for l>earing power of piles, 
393 

Fort Street Bridge, Detroit, 365 

Foundation Company of New York, 
116 

Foundations, for bascule bridges, 
370-371 
dam, 300 

preparation of, 305 
dampers, 335 
deep basement, 284 
dimensions of bridge piers, 346 
existing, supplemented, 275 
in general, 83 
loads, 221 
machinery for, 315 
machinery pit, 284 
pile, 138 
pretest, 208 
retaining wall, 297 
steel piles, 208 
wooAmi piles, 141 

Pirnnkiin-Orteanis &r©eft Bridge, Chi- 
cago, 370-371 

Frictaewn, rikin, ®f open calasoiis. 111 
of pMtimatxs IM 
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G 

Galleries, drainage, in dams, 311 
Gary, Indiana, well-point construc- 
tion, 287 

Gatlin Dam, Panama, 303 
Geological report on dam founda- 
tion, 303 

Geophysical methods of soil investi- 
gation, 14 

Gilbreth, Frank B., 174 
Glacial drift, definition, 383 
Glacial soils, 383 
Gow pile, 197 
Grand Coulee Dam, 306 
Gravel, for dam foundation, 302 
Great Lakes Dredge and Dock 
Company, 77, 80 

Greenville, New York Harbor, pile 
driving, 185 
Grillage, footings, 257 
Ground water, 284 

lowering by well points, 288 
Grouting, method of waterproojSng, 
291 

of rock dam foundations, 306 
sand and gravel, 307 
Guide piles for caissons, 114 

H 

Hales Bar, Tennessee, dam, 301 
Hammer, Arnott, steam, 183 
drop, 151 

for driving precast concrete 
piles, 151 

overhanging, for pile driving, 152 
steam, for driving precast con- 
crete piles, 153 
industrial works, 153 
McKieman-Teny, 155-156 
Warrington Vulcan, 153 
Hand-operated tools for rock exca- 
vation, 57-61 

Han^ng leads for driving pil«t, ISO 
Hard-shale dam foundation, 301 
Hardpan, 391 
Harm, L, D, 314 


Head of pile, proteeting, 158 
Height and character of building, 
affecting bearing value of soil, 
219 

Hennebique, pile, 174 
Highways, streets, and alleys, 381 
Hiley, A., 397 
Hiley pile formula, 397 
Hoist buckets and derrick, for 
excavation, 47 
field of use, 48 

Holes, blasting, spacing of, 69 
Hollow abutments, 357 
Honig Bridge, Koenigsburg, Ger- 
many, 362 

Huffman Dam, Ohio, 312 
Hvorslev, M. Juul, 2, 18 
Hydrated lime for waterproofing 
concrete, 293 
Hydraulic dredge, 79 
capacity, 80 
field of use, 80 

Hydraulic jack, for load teats, 30 
Hydraulic jump pool, 311 
Hydraulic rams, for underpinning, 
277 

I 

Ice pressure on bridge piers, 344 
Impact ice on bridge piers, 342 
Independent contractor, 378 
Industrial Works steam hammer, 
153 

Inert fillers, 293 
Injunctions, 379 

Insulating layer in foundation, 336 
Integral method of waterproofing, 
292 

Investigations, preliminary, 1 
of soil under water, 12 
of soils, 1 
subsurface, 1 

Isolated column footings, 232 


Jack plank, lor drilfiiig, ! 
Jacofcy and Dgtvm, 9S 
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Jefferaon. Avenue Bridge^ Detroit, 

aae 

Jet pipes in caisBons, 115 
Jetting piles, 164 

precast concrete pilcB, 183 

K 

Kenaco Dam, New York, 

Keyway for dam foundation, 307 
Kinetic reactions of machinery, 315 
Knippels Bridge, Copenhagen, Den- 
mark, 363 


Ladder dredge, 81 
capacity of, 81 
field of use, 82 
I-aguna Dam, Arizona, 303 
I^anding the caisson, 114 
langebro Bridge, C’operihagen, Den- 
mark, 362 

LaSalle Street Tunnel, Chicago, 291 
Lateral building oiK*rations, dis- 
turbance of soil, 220 
forces, on bridge piers, 342 
against vertical piles, 164 
of pile, 164 
springing of pile, 164 
supiK>rt, right to, 377 
Law and engineer, 375 
classes of, 375 
common, 376 
general, 375 

Leaders, pile driver, 148 
Ijeads, hanging, 152 
of pile driver, 146 
Ijevel, raising, 381 
liability for negiigencue, 378 
contractor, 378 
by owner, 378 
subcontmctor, 378 
License to excavate, 380 
light aoid air, right to, 381 
lime soap for waterproofing, 288' 
Live lo«4i, cm ahiifcaasmte, 353 
on. bridge piers, .342 


live load, reduction on foundations, 
221-222 

D>ud, safe, on concrete pile, 171 
testing apparatus for soils, 30 
tests, with hydraulic jack, 30 
on pikis, 206 
of soils, 28 

Loading, allowable, for soils as a 
function of settlement, 33 
Loading conditions, bascule bridge 
pits, 369 

Loading test of piles, 206 
Loads on building foundations, 221 
Lobnitz rock cutter, 73 
Location of bridge piers, 344 
Longitudinal forces on bridge piers, 
342 

Lowering ground water by w’ell 
points, 288 

Ludlow Ferry Bridge, 156 

M 

!McDermid patent base for steam 
hammer, 159 

Machinery foundations, 315 
kinetic reactions of, 315 
]McKieman-Terry steam hammer, 
153 

McKinley bridge, St. Louis, pier 
caisson, 131 

^Magnesium silicate for waterproof- 
ing, 295 

Maine, battleship, cofferdam for 
raising, 98 

Marine installations of machinery, 
328 

Masonry or concrete piers, trans- 
ference of load to footings, 264 
Massive machinery foundations, 317 
Membrane method of waterproofing, 
293 

Metropolitan IXstrict Water Exten- 
sion, Boston, 290 

Metropolitan Sewerage Commission, 
287 

Miami Ccms^rvancy Dams, CMiio, 
311 
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Miami Conservancy District, Ohio, 
314 

Michigan Avenue Bascule Bridge, 
Chicago, 366 

Missouri River bridge of Omaha, 126 
M.I.T. Sampler, 18 
Mobiloader, 45 
Mohr, H. A., 400 
Moore, William W., 402 
Mountings, jackhammer, 59 
Mud capping, 71 


Narrows Siphon, Staten Island, 97 
Nasmyth, James, 153 
National Board of Fire Under- 
writers, building code, 222 
Navigation interests, effect on design 
of bridge piers, 339 
Needling, 270 
New York Aqueduct, 291 
New York City building code, 143, 
182 

New York requirements for load 
tests, 143 

Newton’s law applied to founda- 
tions, 316 
Nitroglycerin, 66 

Nose protection of bridge piers, 345 

O 

Open caissons, 108 
test pits, 304 
Orange-peel bucket, 47 
for dredging caissons, 115 
Ordinance requiring notice, 380 
Ordinary bridge piers, 342 
Ore dock, Pennsylvania R.R., Cleve- 
land, Ohio, 176 

Overflow dams on softer founda- 
tions, 310 


Pan, definition, 390-391 
Paraffin for waterproofing, 2^ 


Paraffin oil for waterproofing con- 
crete pit, 287 
Parapet wall, 349 

Patented precast concrete 173 

Pedestal pile, 196 
Peeling piles, 145 
Peerless pile, 198 

Pennsylvania R.H. ore dock, Cleve- 
land, Ohio, 176 
concrete piles, 176 
Percentage of steel in precast piles, 
182 

Periodic forces, 318 
Permeable dikes, IMissouri River, 
174 

Phoenix Bridge over New York 
State Barge C'aiial, 36f5 
Piers, bridge, 342 

bascule bridge, 342 
batter, 345 
bridge seats, 341 
construction of, 340 
dimensions, 344, 346 
ends, 345 
foundations, 338 
boring for, 338 
dimensions, 345 
location, 344 
nose protection, 345 
sites for, 338 
surface protection, 341 
survey’ for, 338 
quantities, 346-348 
Pile cap, Casgrain’s, 158 
defined, 138 
Pile driver, 146 
followers, 159 

with hanging leads or crane, 150 
track, 150 
Pile driving, 145 
average rate, 166 
with butt downward, 161 
cc^ of, 167 

with drop hammer, 151 
number per day, 166 
precast concrete, 183 
procedure, 145 
steam ham, mgr, 153 
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Fite driving, with water Jet, 164 
Fite formulas, 393 
Pile foundation for retaining wall, 
298 

Pile foundations, 1 38 
in medieval times, 139 
limitations of, 400 
Hling in dam foundation, 302 
pr^ervation of, 162 
protesction for bascule bridge 
counterweigh t pits, 364 
HIm, bascule bridge, 372 
l>earing capacity, 141 
Bignell, 174 

cast -in-place concrete, 170, 187 
Chenowcth, 173, 185 
combination, 198 
concrete, 169 

choice of type, 200 
comiKisite typies, 198, 200 
cutting off, 185 
precast, 173, 178 
specifications, 203 
Cummings, 173 
cutting off, 161 
Franki, 188, 197 
Gow, 104 

head, protecting, 158 
Hennebique, 174 
lateral springing of, 164 
monotube, 188, 190 
number driven per day, 166 
pedestal, 196 
Peerlesg, 198 
precast, 173, 175 

composition of «>ncrete for, 179 
construction of, 178 
design of, 180 
Raymond, 170 

standard tapered, 188 
step-tapered, 188 
ring, 158 
nfe load for, 2C^ 
siwet, 2(QN8 
sIkjob, 1^ 

Smplex, IM 

for ^54 

S|3li«a]3g^ 161 


Pile«, steel, 20& 
steel pipe, 204 
supporting footings, 254 
test, 206 
timber, 141 
for underpinning, 276 
wooden, 141 

Pits, deep, and basements, con- 
struction of, 284 
for machinery, etc., 284 
test, 14 

for underpinning, 272 
Pivot piers, 374 

Plaster coat for W’-aterproofing, 295 
Ihieumatic caissons, 120 
limitation of depth, 121 
wall caisson. Federal Reserve 
Bank, N. Y., 131 

Porphyry seam in dam foundation, 
306 

Porter Soil Sampler, 16 
Portland Cement Association, 397 
Powder, blasting, 65 
pellet, 65 
Power drills, 58 

method of mounting, 59 
Power shovels, 41 
capacity, 42 
field of use, 44 

Precast concrete piles, 173, 175 
Preparation of dam foundation, 305 
Pressure, on all footings, desired 
uniform, 220 

distribution of, below foundations, 
31 

of earth against abutment, 353 
l)elow foundations, distribution of, 
31 

relative alloivabte, on soil, 219 
on soil, relative allowable, 219 
upward, in dams, 311 
of water on cofferdams, 90 
Pretest foundations, 208 

method of underpinning, 279 
Pretoria Avtmue bridge, Ottawa, 
Ontario, 363 
Proeediirdl law, 375 
Pte'fib .soil, 384 
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Properties of soil, 384 
Proportioning footings, 220 
Protected steel sheet piling, 218 
Protecting pile head, 158 
Protection of pier surfaces, 341 
piling for bascule bridge counter- 
weight pits, 364 
Pulpit abutment, 350 
Pump, mud-sand, 116 
Pyramidal concrete footing, 228 

Q 

Quabbin Dam & Dike, 290 
Quantities of material, in abutments, 
358 

in bridge piers, 347-348 

R 

Raft footings, 238 
Raising level, 381 

Rams, hydraulic, for underpinning, 
277 

Rankine, 353 
Ratio of grain sizes, 390 
Raymond, A, A., 170 
Raymond piles, 170 
Reinforced concrete, abutments, 362 
footings, advantages of, 228 
Talbot’s tests of, 229-232 
sheet piling, 218 

Reinforcement for cast-in-place con- 
crete piles, 257 

Reinforcing steel, percentage of, in 
precast piles, 182 
Removing bark from piles, 145 
Requirements, for dam foundations, 
300 

Residual soils, 383 
Retaining wall, characteristic of 
abutments, 353 

Retaining wall, for abutments, 353 
foundations, 297 
on piles, 2®8 
on rock, 298 
settlement, 299 
on water-bearii^ soil, 


Iledtenbacher pile formula, 397 
Right to lateral support, 377 
Ring, pile, to protec*t head, 158 
Riparian rights, 381 
Rock, breaking, 70 
Rock cutter, field of work, 73 
Djibnitz, 73 

for dam foundation, 301 
Rock drills, 58 to 63 
Rock drilling, 58 
excavation of, 57 
subaqueous, 71 
footings on, 228 

removed p<?r foot of blast liole, 69 
Rock foundations, 228 
for retaining wall, 298 
Rolled concrete pile, < ’heiioweih 
type, 173, 185 
Rooters, 41 

S 

Safety factor for retaining wall, 299 
Samplers for soils, 15 
Samples, of core drilling. 13 
from drill holes, 13 
Sampling methods, 15 
Sand, for dam foundation, 302 

or gravel to improve bearing value 
of soft soils, 220 
Sand dunes, 383 
Sand piles, 140 
Saunders’ pile formula, 396 
Scarifying rock foundation of dam, 
308 

Scope of work, of drills, 58 
of explosives, 68 
Scraper excavators, 37 
field of use, 40 
Scrapers, 37 
field of use, 40 

Scrubbing of rock-dam foundation, 

305 

Sea-going dredge, 79 
Sealing cahaaons, 118 
pneumatic 127 

Seams in rock foundatkia of dam, 

306 
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Sei'^page under dams, 313 
Selection of site for bridge piers, 338 
Settlement, initial, in load testa, 29 
permissible in dam foumlations, 

of retaining wall foundations, 299 
Shale, for <iam fountlation, 301 
Shasta Dam, 306-398 
Shear, in reinforced ftwtings, 231 
on stepjMai footings, 229 
Sheet piles, 208 
Sh«?et piling, 208 

in dam foundation, 302 
driving, 215 

to protect foundations, 219 
reinforced concrete, 218 
steel for cofferdam, 94, 212 
Shelby Tubing Sampler, 17 
Shoes, pile, 160 
Shoring, 268 

Shoshone Dam, Wyoming, 304 
Shot-drill method, 25 
Shoi'el, power, 41 
field of use, 44 
working capacity, 42 
Siinpk^x pile, 194 
Single-acting steam hammer, 153 
Single-column f<x>tings, 227 
Sinking caissons, open, 114 
pneumatic, 125 

Site for bridge piers, selection of, 338 
Skin friction, of open caissons, 110 
of pneumatic caissons, 122 
Slackline Cableway, 49 
bucket capacity, 50 
operation of, 49 
output, 51 

power drag scraper, 50 
span of, 50' 

Slings to handle concrete piles, 181 
ScKiium silicate for waterproofing, 

Softer rock for dam foundation, 301 
Soil, «»mp*,etiie«, 391 

dMturlmnce by sampling, 2 
investigatkiw®, 1 
tbetiiocb of, 3 
rewcds of, 13 


Soil, samplers anti sampling methods, 
15 

sht'iiring stress in, 32 
terms of identification, 389 
Soil factors, 388 
adsorption, 388 
base exchange, 388 
capillarity, 388 
cementation, 391 
chemical composition, 392 
compactness, 391 
composition of, 392 
consistency, 391 

characteristics and properties, 384 
density, 388 
deposits, 383 
residual, 383 
transported, 383 
horizons, 384 
investigations, 1 
underwater, 12 
mass, 383 

mineral content, 383 
porosity, 388 
profiles, 384 
samplers, 15 
sampling methods, 15 
specific gravity, 388 
surface, 388 
structure, 386, 390 
texture. 385, 389 
watc^r-hoiding capacity, 388 
weathering, 383 

Solid rock dam foundation, 301 
Sounding rods, 3 
Spacing of blasting holes, 69 
Splicing piles, 161 
Spread footings, 219 
Springing, lateral, of pile, 164 
Springs for absorbing vibration, 337 
Stability of buildings, 272 
Static loads on foundations, 221 
Static pile formula, 401 
Statute law, 376 
Statutory legisiation, 380 
St^un hammer, 153 
Sfcesel caJasoM, 109 
pmmnmtic, 124 
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Steel cylinders, 204 
Steel grillage footings, 257 
Steel piles, 205 
H Section, 205 
pil>e, 204 
western, 206 
Steel sheet piling, 20S 
Stepped concrete footings, 228 
Stirrups in footings, 257 
Stone masonry, compared to con- 
crete, 317, 340 

Strengthening existing foundations, 
272 

Structural elements of abutments, 
346 

Structure of soils, 386, 390 
Structures, existing, support of, 268 
Subaqueous rock excavation, 71 
Subdivisions of the law, 375 
Sub-drains, 286 
Subjacent support, 377 
Submarine soil investigations, 12 
Sub-piers, bascule bridge, 372 
Subsurface investigations, 1 
Substantive law, 375 
Support, of existing structures, 268 
lateral, right to, 377 
subjacent, 377 

Surface coating method of water- 
proofing, 294 

Survey of local conditions for bridge 
piers, 338 

Synchronism, prevention of, 317, 
332-334 

T 

T abutment, 349 
Tail pit for bascule bridge, 362 
Talbot's tests on reinforced concrete 
footings, 229-232 
Tar for waterproofing, 294 
Tension, diagonal, in footings, 228, 
230, 242 
Teredo, 162 
TerzagM, C, 398, 401 
Testing waterfeigiitn^s of bascule 
bridge pit, 373 


Tests, bearing jwwcr of tlam founda- 
tion, 303 

lK>ringB for bridge piers, 338 
cast-in-place piles, 198 
holes in grouting dam founda- 
tions, 306 
load, for soil, 28 
loading of pik'®, 206 
piles, 206 

driving and loading, 206 
pits and bore hok^s, 14 
for bridge piers, 338 
rod, 8 
soil, 28 

Talbot's, on reinforced concrete 
footings, 229-232 
University of Illinois on plain 
footings, 227 
Texture of soiL*. 3.85. 389 
Thirty- fifth Stree. Bridge, Uhicago, 
366 

Three-jwint support. 3.'3 
Thrust on abutments, 35o 
Tile, drain, for foundation feeds. 22<.) 
Timber Caissons, 112 
Timber grillage, footings. 261 
piles, 141 
sheet piles, 208 
Timoshenko, S., 323 
Top dimension of bridge piers, 344 
Tower, 364 

cableway excavators, 49 
Track pile drivers, 150 
Tractors, 35 

Transference of column load to 
footings, 264 

Transporting equipment, Mt con- 
veyors, 55 
buggies, 53 
cableways, 49, 55-^ 
draglines, 46, 51 
trailers, 53 
tramways, 55 
trucks, 53 
railroad trains, 55 
wagons, 53 

36 
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Trees, legal previskma eonccniing, 
381 

Trtmcli, cut-off or core, for dam 
foundation, 312 

TrenchttB, sbeeting and bracing, 100 
Tunnel, I^Salle Street, C'hicsgo, 291 
New York Aqueduct, 291 
Washington Street, Chicago, 291 
Ttmklmiinoek Viaduct cofferdam, 
102 

U 

IT abutment, 350 
Undermining, method of, 71 
Underpinning, 266, 275 
design of, 282 
example of, 279 

Uniform pressure on all footings 
desired, 220 

Union Gas and Electric Co., Cin- 
cinnati, Ohio, condenser pit, 
131 

Unit pressure on concrete piles, 182 
Unit stres8<?8, for counterweight pits, 

371 

I'nited States sheet piling, 212 
United States War Department, 
approval of bridge, 339 
University of Illinois tests on plain 
footings, 227 

Unpatented precast concrete piles, 
175 

Uplift on cantilever footing, 235 
Upward preasure in dams, 311 

V 

Venetian medieval pile foundatkwos, 
139 

YertieaEy reinforced columns, trans- 
ference of load to footing 264 
Vibations, 316 

Volume of water in water jet, 164, 
183 

Von BahOy Ataxaswter, ^ 


W 

Wakefield sheet piling, 209 
Walking draglines, 51 
Wall caissfin. Federal Reserve Bank, 
N.A'., 131 

Walls, cut-off or curtain, in dams, 
312 

War Department permit for bridge, 
339 

Warrington Vulcan steam hammer, 
153 

Wash borings, 7, 304 
equipment for, 7 
methods, 9 

Washington Street Tunnel, Chicago, 
291 

Water, current pressure on bridge 
piers, 344 

around pile from lateral springing, 
164 

l>eneath retaining wall, 298 
right to, 381 

Water pressure, on cofferdams, 89 
Water repellents, 293 
Water-l>earing soil foundation for 
retaining wall, 298 
Water supply, for wash borings, 9 
Water jet, use of, in driving piles, 
164 

for driving precast concrete 
piles, 183 

volume of water in, 164, 183 
Waterproofing, of bascule bridge 
counterweight pits, 369 
by grouting, 291 
methods of, 292 

for reinforced concrete bridge 
piers, 341 

of substructures, 292 
Waterproofing compounds, 293 
Watertight concrete, 286 
Watertightn^, of counterweight 
pits, 3^ 

td Af©e* pftng, 217 
Watertown Aarsenai pile tert, l'S4 
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Wayne County Road Commis- 
sioners, 365 

Wedges, for underpinning, 275 

Well drill, 61 

points for lowering ground water, 
287-288 

Wellington, A. M., 398-399 

Wellington formula for piles, 399— 
400 

Well-point method, of un watering 
soil, 288 

Wells, or caissons sunk wdth com- 
pressed air, 125 
dredging, of caissons, 110 

Western pile, 206 


W’'eyrauch, 353 
White, Lazarus, 279 
Wood, commercially available for 
foundation piling, 143 
suitable for piles, 143 
Wing abutment, 350 
Wings of abutment, 348 
W'ooden caissons, 112 
pneumatic, 123 
W^ooden pile foundations, 142 

Y 

Young, Hugh E., 366 
Young’s Bay Bascule B 2 idg:e, 
toria, Oregon, 367 



